A quantitative analysis of the biological pump in the oligotrophic subtropical North Atlantic by Dietze, Heiner
   
	
	   	 ﬀ
ﬂﬁ ﬃ	 ﬀ!#"ﬀ	$% &'( & 	 ﬂﬁ
ﬀ)	"*,+
ﬀ&-ﬁ	$ .ﬃﬂ+
&-	 $%ﬀ
/
ﬀ+0,ﬁ  1ﬂ)
	 $
243657598;:7<>=?<@3BADC
EGF
:IHJ:LK6=MCON
F
CON'PO8G5I2QAMRS<@AM:7ND:@=MPO85
PO8;:4TVUO:@3B5W<>36=MCYX[ZQKB\]:78G^>U_<@5`XbaQC]3dce8;:@573f<hg=?<
EFi
3B8K
c_Aj:LNM8GKk8NM<lc_AMC
m)836CO8;:I243k8;<
E
8
i
3B8K
n?oDojp
qsrutvruwxrzy@{ |Swx}9t6~w[~;y;wxrz9Łrz
}9wxwrutruwxrzy@{ |Swx}9t6~w[~

w9rzyruw9y

Wruw

y ŁrzyJ|_w7

t

y¡£¢>~¥¤>~¥¦W§9§W¨
©

ªw

x«9rzyrzŁ9{u¡ ¦9¬>~¥­>~¥¦W§9§W¨
® ¯ °²±´³ ³ µ#¶ ·¸±´°²°0¯ ¶ ¹
rªºurz9yrx{»rzrzy¼

tO© rz{x»«W9rzy¾½Yrz Łr¿«j

wxºuruw¸xy;¾99ru}7}97xŁr9{À
»{x9y9wb}9Á9{»rV7}9;9rl}7Łrzy»{»}WÂ wxrz»ruwxÃ9}7w[~_ªrÄ}7yºurzy@{»wW{x}7y²Ã9}7y}7Łrzy;}zÅÆ
rzyrz#ruwwxrzruÃW9y@{»rz»{»rzyÇ

wrz;Ł

x79»rzÇ.yVruwO{x¿}7»ÈŁ?WwxrÉrzyL{x»È;wŁ@{y ŁL{ªrzyÊÀ
9Ê¦7Ërzj}9ºurz9yx Łrzy¿ÌÍrz»{x9yrzu~9rzMÃ9ruwr

{xŁ@{uÆW9xMrzyÎeruw»{[9yy;?7}9;9ruw
¸zÃ9ruwb9y;ruw

y9rzyÉ{Mrzyrz%Ï

9y@{x{xW{xÃ9rzyÉÎeruw»{[9y;yDruwÑÐ»rzy9rzyÉ|_wx}9ºurz»r]rzyÊÀ
Łruwx9rzŁrzyÒ

uÆ>;rªrzyÒ}7Łrzyx{»}WÂG9rzŁ9{Oy.rzyÄºurz9yrzyÒ»{»r

ruwyh~Ê9©rz;rz»ruw
wx rz{]»{Orz]º

rzyrzÓGrz»ruwxrzyÎeruw»{[9y;yOru rzyÒrzxruwsÔÄrz Ł9yxrzyÒÕ}9w W{ÖÀ
9y@{x«JGrzº

»{»r

ruwyh~
×Ö#Ô¾{»{»rzÈ

y«>{»{»rzŁ@{ruw}79}9{»wx}9È;ŁrØ

;{»wx}9È;x ŁrÙÚwx rzf~;×6y¼rzxruwªqru7}7y¾½w
»}b½Y}7ŁGrÛwb}9Á9rzy}9wy

yÉ9S

ŁJrsqŁ@{

yrzS}7Łrzy»{»}WÂ

»{x

x ŁrzYºu½ÖÀ
ŁrzyÄªºurz9y

yJO{x¿}7»È;ŁjWwxr«9}7yL{»wx}bÃ9ruws»«

{xruwx{u~@ªruwÛªw

yJŁruwxt 

wYyJy«9}7yÊÀ
xx{»rzyL{»rxŁ?W{»º

y9rzy4Ã9}7yQ}7}97x Ł)y;

ºzruwx{»rz£}7Łrzyx{»}WÂGrÜÅÊÈ }9wx{uÆjW9rzrz{»ru{


ÚÝÊ

ruw»{»}WÂ ºurzŁw

y7»wW{»rzy#yruw

Łruw ¿}9«>yr

y}9«`9rzyﬀÔÄrz

y9rzyﬀÃ9}7y
ÕØ9Łw»{»}WÂ {»w9y»È }9wx{syÒr}9 ruw»ÞM9Łrzyy9ŁrÝÊ Ł ŁL{u~
Îe}9wx9rz»{»rz{Y½Íruwrzy.ÌÍru}9;9Ł@{

y9rzy

yß_wx9ru;y;x»rsrzyrz_;}99ru}> Łrzx ŁrzyJºurz9yÊÀ
¿}ÊrzzÆ_½YrzŁr¾ºurz9rzyÆO9xrVª»«@wruÈ;9yºÄºu½xŁrzy0ÕØ9Łw»{»}WÂ {»w9yxÈG}9w{Jy0r
}9 ruw»ÞM9 Łrzyy9ŁrOÝÊŁŁ@{

yÙÝÊ

ruw»{»}WÂ ºurzŁw

yy¸ruw

rutr

'¦W§LË-wxrz

ºzruw{½wÆ
½Írzyy¾;;9ŁyVÃ9ruwy9Ł;k9xx9{»rØÈ;Ł@àÊx«W9x ŁrÙ|_w}9ºurzx»rØ ruw9

x«Êx ŁL{x9{½Íruwrzy~ r
Ã9ruwx;rz rzyrzy!áW§LË´½Íruwrzy0ÝÊ{xx«Ê»{»}WÂGâÅÊruw

y

y²Ý



«>{x}7y)Ã9}7y²9rzk}7»{»rzã}9w»À
79yŁrz¸}7Łrzy»{»}WÂ¼º

9rzx Łwru rzy~
Ww7

 ruwSŁy

D½w Ørzy¿Îe}9wx rzŁ9{e9ru9rzye

 ruwSrzyruwS½Yrz{SÃ9ruwxwxrz{»ru{»rzy.ÔÄru{xŁ}>rº

w

wxrzyy

y)ºu½xŁrzy²È;Ł@àÊx«W9x Ł

y²;}7}97Ły

ºzruwx{»rzãÝÊ

ruw »{»}WÂ 

»{x

x Ł
ºu½ŁrzyVºurz9y

yO{x¿}7xÈ;Ł?Wwxr¸9rL

Á9ruwx{u~
ä å
°Qæç±´è%æ

Łr.}>Ürz9y;WwxrJ>àtvWwÉ{xŁr.Wwx9rz»{É7}9;9_wrz»ruwxÃ9}7wÉ}9tsuWwx }7y){xŁ;W{ÉzÃW9W;r}7y
xŁ}9w{»ruwÉ{xŁ;9yQ9ru}7}97u9]{x¿rzu9rzu~M×B{x¿»{»}Êx«QrÜÅÊÜrurz;Ø@à4¿}9wxrJ{xŁ9y!­W§¼{x¿rzÉ{xŁr
W{x¿}7»ÈŁruwYyLÃ9rzy@{»}9wxà¸}9tuWwx }7yÙ}[ÅÊr9Æb«9ruàÙÇW9wxrurzyŁ}

»rzÇª79u~

Ł

j{MhruÃÊrzy@{
{xŁW{Ò{xŁr

yruw»{x9y;yQ}9t7}99uW{»rI Ł9y9r)

»{ r9uÜ}7¿È;9yrz-½{xŁ
Ï

9yL{x{xW{xÃ9r

yruwx{x9yy¿}9tÍ¿rzŁ;9yx9}[Ã9ruw yy{xŁrØuWwx }7y¼yLÃ9rzy@{»}9wxàl}9tY{xŁr
}ÊÜrz9yu~

ŁrO9}9t{xŁM{xŁrzjj{»}Èwx}[Ã9rÍ}

w

yruw»{x9yy]}9t;{xŁrzxrOrzŁ9yx
y{xŁrÕ}9wx{xŁÄO{x9yL{xÜrz9y~

Łrt}Ê

ª}7yV{xŁr}79}9{»wx}9È;ŁÙ

{»wx}9Èu9h9à>wxr9ÆG½Łruwxr{xŁrÉW7y{

rÉ9yVruÃ9rzy
{xŁrÍwxrzÜ{x}7y¸}9tÊ{xh;}9{xeÜ}7yL{»w

{x}7y{»}{xŁrY9w»Àk»rzOÞ

Åª}9tuWwx }7y}zÅr_h

ÊÐ»rzÜ{
{»}¿Ü}7y@{»wx}[Ã9ruwxà9~

ŁÍÜ}7y@{»wx}bÃ9ruw»àÒÍ;9»rzÒ}7yÒ9yÒyÜ}7yxx{»rzyÜà ru{k½ÍrurzyÒrz»{xW{»rz
}9ts;}9{xu9à@ÀdrÜÂGrzÜ{»rzéuWwx }7y4rÜÅÊÈG}9w{ÉytruwxwrzItvwx}7ê}zÅÊà@9rzy

{xxW{x}7y)wW{»rz¿yQ{xŁr
{xŁruw}>uyrÄ9y}Êu9¿rz9

wxrz¿rzy@{xJ}9t¸{

wx

rzyL{.y{»wW{»r¾

ÈÈ;à4{»}4{xŁr¼

wxtÑ9Ür
[à9ruwz~
ª;xruwxÃ`W{x}7y9¸W{x9y;wxrz

{xÒtw}7ë9y-rzàLÀdÈ ruw{»{xyé;}99ru}ÊŁrzu9}ÊÜrz9y
¿}ÊrzDÈwxrzxrzyL{»rzIŁruwxr9Æ?y;uW{»rØ{xŁW{¸{xŁrxW{xŁIGru{B½YrurzyQy{»wW{»r

ÈÈ;àÄ{»}l{xŁr


wtv9ÜrJzà9ruwØ9yQ}zÅÊà@9rzy

{xxW{x}7yW{ØruÈ{xŁQ¸wxrz

ÜrzI>à)¦W§LËtOÈ;ŁLàÊxu9_Èwx}WÀ
Ürzx»rzÈwxruÃÊ}

àyru7rzÜ{»rz¾WwxrÙ9uÜ}

yL{»rz¾tv}9wz~

Łr¸wrz9yy¿áW§LËWwxr9Üw rz{»}
;}99ru}ÊŁrzu9sÈ;wx}>Ürz»rzuÆYy;9¿rzàéy{»wx}99rzyâÅÊW{x}7y²9y



Ü{x}7yé}9t»}7Ã9rz
}9wx79yuWwx }7y~
×Öy)9{x}7yIÄu[Ã9rzW{Ü}7yÜruwyyÄÄx{x9yWwQ¿ru{xŁ}Ê

xrzI{»}V;»{xy

xŁ¾ ru{k½Írurzy
È;Ł@à>u9à9y;Ò;}9{xu9àrÜÂ rzÜ{»rzV9wxÀk»rz¿}zÅÊà>9rzyÒÞ

ÅÊrzsOwruÈG}9w{»rz~
ìé¶íæçÚî1ï ¯ è%æðYîí¶
ñ

ŁrÒßYWwx{xŁòó¿uW{»rJ»àÊ»{»rzôŁ9¿rz¿}7y»{»wWà)Ł;9y9rzé}7yé }9{xŁQ7}9;9O9yéwxrÜÀ
7}7y9jxu9rzªxyÜrÙ{xŁr¸ÈwxrÜÀky

»{»w 9GruwÊÆ;½{xŁÄ»}7¿r}9tD{xŁrz»r Ł9y9rzW{»{»w

{xW;r
{»}Ł

9yé9Ü{xÃ>{xrzxÇéõÑö!÷ø ùbúhû÷hûhüþýÉß ø øú?ûõf¦W§9§	
 ~Íyr.}9t{xŁrz»r ñ Ł

9y
9Ü{xÃÊ{xrzxÇ'{xŁr9yL{xŁw}9ÈG}99rzy;!rzx}7y%}9tl»}WÀku9rz ñ 9wxrurzyŁ}

»r79»rzÇ y@{»}
{xŁrÒW{x¿}7»ÈŁruwxr½ŁruwxrJ{xŁruà4W;»}9wx!¾tw 9Ü{x}7y4}9t{xŁr}

{»9}7y¾ytwWwrz)w9;W{x}7y
½ŁŁV{xŁrÉßYWwx{xŁ¾rz{xª{»}Ò»È;9ÜrÉ{»}ÒÜ}7¿È rzyxW{»rØt}9w{xŁrØyÜ}7y.x}7WwªŁ}9wx{ª½Í[Ã9r
wxw 9W{x}7y~×ÖyÜwxrz9yÄ{xŁr.Ü}7yÜrzy@{»wW{x}7y4}9ts{xŁrzxr.79»rzÉwxrz

{xÙy)9y4Ù99yÜrz
w9W{x}7y

9ru{]}9tD{xŁrßSWwx{xŁl9y;l

;xrzÏ

rzy@{syru{s½OWwyØ}9tM{xŁrÙßSWwx{xŁ;s

wxtÑ9Ür9~

Ł¿rÜÂGrzÜ{J}9t¸9y@{xŁwx}9È }99rzy
ñ
9wxrurzyŁ}

xrÄ79»rzxÇé.9»}Iwrutruwxwrz²{»}49w9;W{xÃ9r
tv}9wuy~
ÔV}7»{}9te{xŁr9y@{xŁwx}9È }99rzyw 9W{xÃ9r¸tv}9wuy.s9Üw rzl{»}JyÜwxrz9xyW{x¿}7»È;Łruw

Ü}7y;ÜrzyL{»wW{x}7yu~

Ü}7y@{»rzyL{ª}9te9w

;rzO{»wWÈ;ÈGrzÄyÒÈ }7WwÜruWÈ;wruÃ9rz9
{xŁW{OWwx}

y.{xŁrà9rzWw	W­W§ÉW{x}7»È;ŁruwruÃ9rzÍ»{xWwx{»rzJ{»}ØwxrW{]9y

yÈwxrzÜrzyrzy@{»rz
wW{»rWt{»ruwØwxrzW{xÃ9rzàI»{xW;r.Ü}7y{x}7y¸{xŁwx}

7Ł}

{{xŁr.Ł}7}>Ürzyr9~M

wyz¬9¬`¨¼{xŁr
Ł7Łrz»{¸ruÃ9rzeruÃ9ruwÉxyÜr¦9¦W§ÊÆó§9§9§Và9rzWw½Í9wrz9Łrz~Mß_ÃÊrzyÜryuW{xy.{xŁW{Ù{xŁ
wxr.y4W{x¿}7»È;Łruw



Ü}7yÜrzy@{»wW{x}7y!9y@{xŁwx}9È }99rzyu9àrÜÂGrzÜ{»rz²yu

r9¡Yõ	
9yIrzxx}7yŁ;»{»}9wxà¾tw}7 tv}7xxDt

rz_Ü}7

»{x}7y)9yI9y

»r.Ł9y9rzÈ;Ww9rzD{»}
W{x¿}7»ÈŁruw



ruÃ9rzuÆhõf¦Í9yyÜwxrz9xrª}9tjW{x¿}7»È;Łruw 



Ü}7y;ÜrzyL{»wW{x}7y]yJ{xŁr
»}

{xŁruwyéŁrz»ÈŁruwxr.W97y¼ rzŁyQruÃ9rzÉ}9;»ruwxÃ9rz!yQ{xŁry}9wx{xŁruwyéŁrz»È;Łruwxr
½ŁruwrJ¿}9wr.tv}7xxYt

rzYÜ}7

»{»rzé9yõf¢Ł;Ww9Ü{»ruw»{xJ»}9{»}9È;.x7yW{

wrz}9t
tv}7xx t

rzrz[Ã>y¿{xŁrzwWw«Jy{xŁr¸W{x¿}7»È;Łruwr.õßﬀ;øI÷hßﬂﬁDõf¦W§9§	
 ~
ÌO9»rz.}7y{xSÈG}7{xÃ9r]w9W{xÃ9rstv}9wuy¸9y.{xSÜ}7y;xruwWrs9yL{xŁwx}9È }99rzy]rzxx}7y
{ªs9rzyruw 9àl9x

¿rzl{xŁW{ª{xŁrØW{x¿}7»È;Łruw



Ü}7yÜrzy@{»wW{x}7y¾½ rÙ.Üw {xu9
tÑ9Ü{»}9wru{»ruwyyØ{xŁrt

{

wr}9tj}

wuW{»r9~

Łr¸Üw

u9 È }7y@{s{xyÙ}

wW;{Bà{»}tv}9wxrzu9»{ªW{x¿}7»È;Łruw



Ü}7yÜrzy@{»wW{x}7y;
J{xŁW{Ò{xŁr¼tÑW{»r}9t

ﬃÄrz{»{»rzyL{»}é{xŁrW{x¿}7xÈ;ŁruwxrIy}9{«Êy}[½y~


wxwxrzy@{xà9Æ
{xŁr¿9y¼Ç99Ü{xÃ9rzÇl7}9;9Mwxrz»ruwxÃ9}7wª}9tYuWwx }7y¼Wwxr¿{xŁrØ}ÊÜrz9y½ŁrÙ{xŁrØ{»ruwxwxrzx{»w9
;}7xÈ;Łruwxry;u

yJ»}7¸9y){xŁr.W{x¿}7xÈ;ŁruwxrÜ}7y@{x9yé­7Ë 9y;Q¦7Ë}9t]{xŁr}ÊÜrz9y
uWwx }7y¼»{»}Êx«GÆwxrz»È rzÜ{xÃ9rzà9~}[½ÍruÃ9ruwzÆj{7Ł@{½Yrzj rÉ{xŁr¿u9»r¿{xŁW{{xŁªÈ;Ww{x{x}7y
Y

ÊÐ»rzÜ{S{»}ØŁ9y9rzõvr9~ ~Êy.¸½OWwyuW{»r  ~"!y@{xy}[½¸Æ@Èwx}ÊÜrzx»rzY«9ruruÈ;y{xŁr
uWwx }7yy4{xŁrÄwxrz»È rzÜ{xÃ9rl»{»}Êx«ÊWwxrly}9{Ü}7¿ÈwxrzŁrzyxÃ9rzà

yruw »{»}@}Ê~DßS»È rzu9à
{xŁr¾wx}7r¾}9tÙ{xŁr¾}ÊÜrz9yÒ»{x

yurzWw[ÆY4tv9Ü{{xŁW{½O9ruÈ;{»}7ºurz0yŁy;u9»{x
}9tØW{x¿}7»È;Łruw 

¾Ü}7yÜrzyL{»w W{x}7yÄ

wyQ{xŁrI9»{79u9`ÅÊ

 9»rzÚ}7y
;}99ru}ÊŁrzu9O}ÊÜrz9y!uw

W{x}7y4}>rzJõfý#$%&'(;ø'÷hßﬁõf¦W§9§9§)
 ~YªwØ{»wWÈÈ rz
y.79u9GÜryuW{»rzS{xŁW{]W{x¿}7xÈ;Łruw



Ü}7yÜrzyL{»w W{x}7yO½Íruwxrwxrz

Ürz.@àJ¢W§LË
*

w y¸{xŁW{O{xr9~ÊÔV}9wxru}bÃ9ruw{xŁruwxrÍruÃÊrzyÜrª{xŁW{]{xŁrª{»ruwxwxrz»{»w 9 uWwx }7yJx{»}>«.½O9
9»})wxrz

Ürzõvr9~ ~+,÷-ß.Óõz¬9¬9­
 Æ]»}Q{xŁW{{xŁrl}>Ürz9y;lÈ }>}7s

»{Ł[Ã9rV rurzy
yÜwrz9»rz wxrzW{xÃ9r{»}Èwxrz»rzy@{ÖÀkzà Ü}7y;{x}7yz~¸ÌÍ}99ru}> Łrzu9.}>Ürz9yÓuw 

W{x}7y
¿}Êrz]»{xGtv9 {»}.yÜ}9wxÈ }9wW{»r{xŁW{

wxÈ;

Í}9tMuWwx }7yl

wyÉ79u9?Ü}7y{x}7y;u~

Wwx }7yÆlŁruwxr wxrutvruwxwxrz*{»}ﬀ9'{xŁr,

 }9t!»}7Ã9rz*y}9w79yþuWwx }7y õÑª×

 Æ
»}7Ã9rzÚ}9wx79yIuWwx }7y õÑ¸

9y-È;Wwx{x

W{»r}9wx79yIuWwG}7y,õÑ|Í

Jly}9{
Ł}7¿}99rzyru}

xà»{»w 

{»rzy{xŁrÙ}>Ürz9yz~;ÔÄ}7x{x9rzyL{s]Ã9ruwx{xu9h9w 9rzy@{uÆ½{xŁ
ruruÈ4½ÍW{»ruwÜ}7y@{x9yyV¿}9wrJuWwx }7yQ{xŁ9yé

wxtÑ9Ür½OW{»ruwz~eª{xŁruwxrJÙW{¿rz9»{É}7yr
Èwx}ÊÜrzxJõvr9~ ~jÃ9ruwx{xu9S{

w

rzy@{ Â

x}7yŁ}7}99rzyºzyÄ{xŁr}ÊÜrz9y){xŁruwxr

»{Ù r
9y!}9ÈÈ }7xy¿rzŁ9y;xô½Ł;Ł!Ü}7y@{xy

}

xàQ{»w9y»È }9wx{x¿uWwG}7ytwx}7 {xŁrl

wxtÑ9Ür
[à9ruw¿{»}¾{xŁrJruruÈ!}ÊÜrz9y-õÑ¿Èu{xà¾9x

yÄ{xŁ;W{É{xŁrJ}ÊÜrz9y!Éy4»{»rz9àQx{xW{»r  ~

½Í}¸Èwx}ÊÜrzx»rzYWwxr;»{xy

xŁrzÆ`wxrutvruwxwxrz¿{»}É9_{xŁr ñ È;Ł@à>xu9?õv}9wÍx}7

;{kà'È

¿È;Ç
9yÒ{xŁr ñ ;}7}97u9hÈ

¿È;ÇÉ}9tDuWwx }7y~

ŁrÉÈ;Ł@à>u9?È

¿ÈÄ}9tÍuWwx }7y¼Ü}7y;yrzÜ{»rz{»}{xŁrÉ{xŁruw¿}7Ł9yruw

W{x}7y¾9y¼
Ü}7y»rzÏ

rzyÜrØ}9t

   rzy.¿}9wxrØ»}7

;rÙy¾Ü}7ruwª½ÍW{»ruwz~×ÖyVwxru7}7y}9tSruruÈ¼½OW{»ruw
tv}9wW{x}7y4Ü}7é

wxtÑ9Ür½OW{»ruw¿½{xŁQŁ7Ł4ª×

Ü}7yÜrzy@{»wW{x}7yØÉxŁrzrztvwx}7ê{xŁr


wtv9Ür¸9yÄ

;»rzÏ

rzy@{xà.xÈwxrz9]9h}[Ã9ruw{xŁrÙruruÈl}ÊÜrz9yu~

Łr
ñ
;}7}97u9ÙÈ

¿È;Ç}9t.uWwx }7y'wxrutvruwV{»}Wwyr)È;ŁLà>{»}9È;9y«@{»}7y9xxW{xy
»}7Ã9rz!y}9w79yuWwx }7yy@{»}Ixx}7Ã9rzé}9wÈ;Wwx{x

W{»rÒ}9wx79ylW{»ruw9O½{xŁy
{xŁr4

yÊÀk{Ä

wxtÑ9Ür)}ÊÜrz9y~|DWwx{V}9t{xŁr)È;Ww{x

W{»rQtw9Ü{x}7y xy«>ÄyL{»}{xŁr4ruruÈ
}ÊÜrz9y~&ru{»ru}9wx}9{»wx}9È;Ł¿}9wx79ytvrurz}7yI{¸»}l}7»{¸}9tÍ{xŁr|Í

wxrzyruw9ºurz
}7y²{x½Ozà²}b½y{»}Q{xŁrÄ»rz)Þ;}>}9w{xŁ

.yÜwxrz9xy{xŁrÄª×

Ü}7yÜrzy@{»wW{x}7y0}9t{xŁr
ruruÈ}ÊÜrz9ywrzW{xÃ9rÒ{»}I{xŁrV

wxtÑ9Ür9~Yyà49y!ruÃW9yrzxÜrzy@{tvw9Ü{x}7y!wxrz9 Łrz{xŁrl»rz
Þ;}>}9w9yl9}[½st}9ws

w9G}9teuWwx }7ylyÒ»rz;¿rzy@{xu~¸

s; ÂGruwrzyL{s9s{s}@rzy}9{
xy«.{xŁw}

7Łl{xŁrÙ½ÍW{»ruwz~/rzyÜr{u9yÄ}7yàÜ}7y@{»w

{»r¸{»}{xŁrÇW;}7}97u9È

È;Ç¿y
wxru7}7y;]}9tMyru{}[½yL½OWwÒÃ9rz}Êu{xrzõvr9~ ~y{xŁr

{»wx}9Èu9G9à@wxrz0 ~
O{Èwrz»rzyL{{»rurz{xŁ;W{IrÜâurzy@{

yruw»{x9yyV}9tª{xŁr
ñ
;}7}97u9]È

¿È;Ç¼9
wxru7Ww;{x¼È;Ww9¿ru{»ruw ºzW{x}7y y;}99ru}> Łrzu9Ø}ÊÜrz9y ¿}Êrz¼{xÄ}

wIuWÈ;`À
;{kà0}9tØ}>rzyé79u9 ÀkyL{»ruwx79u9



ÃWWwW{x}7yl9y-Ü}7y;»rzÏ

rzyL{xàÚwxrz

Ürz
Ü}7yÊârzyÜryÄt}9wrzu9»{xª}9tS

 ŁV¿}Êrzz~

ŁrÙWw

¿rzy@{ª{xŁW{ª{xŁr»}7

;{kàJÈ

¿È
½O9ØÈwx}9;W;à¼¼y}9wÈzà9ruw¿wxrz

uyV79u9OW{x¿}7»È;Łruw

ruÃ9rzuÆDxyÜrJ{xŁr
Wwx9r9ÆMruruÈÀd½OW{»ruwwrz»ruwxÃ9}7wÙ}9tsuWwx }7y)Ü}

Iy}9{Ł;zÃ9rÜ}@}7rzQ9y)yÜwxrz9»rz){xŁrzw
»}7

;{BàÚrzy}

7Łþ{»}-}7yW{»r!9¼{xŁruà%WwxrÏ

{»r4u}7»r!{»}twruruºzyÚruÃ9rzyþ{»}Êzà
õ213ú$45'4÷hûhü768û:90õz¬9¬9á Æ&;9&÷hû!÷hû?ü71úﬂ.?ßIõf¦W§9§9§)
 ~
ªy}9{xŁruwswxrz9x}7yl{»}tv}>

]}7yl;}7}97u9à.¿rzW{»rzÒÈ;wx}>Ürz»rzs]{xŁ;W{s{xŁrÙÇW;}7}97u9
È

È;Ç!l{xŁr)}7yàÚwxrz9yy!}ÊÜrz9yQ¿rzŁ;9yx ÈG}9{»rzy@{x9à0

ÂGruwy9yL{xŁwx}WÀ
È }99rzy



rzx}7yÚyÚé½ÍWw y!uW{»r¼yÜr¼{xŁrI»}7

;{Bà!È

¿ÈÚ½ r
wxrz

ÜrzVyV{xªuWÈ;9u{kàV{»}JxrzÏ

rzx{»ruwuWwG}7y¾}[ÅÊrÙz½Ozà¾tvwx}7{xŁrÉW{x¿}7xÈ;ŁruwxrØ9
½OWwyØ}9tD½OW{»ruwwxrz

{x]yÒ}b½Yruwª»}7

;{kà9~
ﬀwx}

7Łu9

W{x}7y!}9tª{xŁrÄ»{»wrzy9{xŁ!}9t{xŁr
ñ
;}7}97u9]È

È;Ç¾;9»rz!}7y!Ã9ruw{xu9
y

{»wrzy@{]9w9rzy@{x]È

{xO{xŁr¸È }9{»rzyL{x9}9tM¿}>

W{x}7yy@{»}È ruw»È rzÜ{xÃ9r9¡
<D~x§Ê~= xŁ}[½Ú{xŁr%7}99¿rz9yÃ9ruwx{xu99w 9rzy@{}9tQÈ;Ł}7»ÈŁW{»r%½Ł Ł#Ü}9wwxrÜÀ
»È }7yI{»}'Ã9ruwx{xu9J Â

xÃ9réuWwG}7y Þ

ÅÊrz)9x

y- Ü}7y»{x9y@{4qrzÊâ;rz wW{x}
õ

¡óÕ¡ó|?>@u§7¤>¡=z¤>¡=	é9yÓ rz9y,7}9;9Ã9ruw{xu9Ò Â

xÃÊ{Bà }9tu§BA'Cz
	D
u~õ

Ł
 Â

xÃ>{Bà½O9Äu9

W{»rz->àFEHGhû4#÷hûhüöIG?ûjù	$õz¬9¬9áÄ¿È;u{xà9x

y
¬0.5 1 1.5 2 2.5
2000
4000
Phosphate   [mmol/m3]
0
200
400
600
800
a
D
ep
th
   
[m
]
0 1 2
2000
4000
C−Flux   [molC/m2/a]
0
200
400
600
800
b
JLKNMOPRQTS"U=VXWZY;[\ﬃM]N^`_%[`]bacQd[`egf`QhPRiRK=jh[`]lk'PR^Xm]=Qc^`nporq,sutQhPvK=f`QdtwnPR^axiRyQzjh]=K=au[Xi
^]N^`M`{
^`nz|ﬃ}~::%&ŁYVd`B\vU3Y_/\M]N^`_%[`]ZacQd[`e^`nf`QhPRiRKjh[`]Zt%K/O%RKNf`QTjh[XPv_ﬂ^egO
jh[`]=jhO'][Xi
QdtwnPR^aiRyQTM]N^`_%[`]bauQd[`ef`QhPRiRKjh[`]bk'PR^Xmﬂ]NQc^`nropq s [`vRO'auK=e'M[M]N^`_%[`]acQd[`e
f`QhPRiRK=jh[`]t'KO'RKNf"KNi{ﬀ^`nVjhau  [`e't[8Qdt"m%Qd]tPv[XiRKN^ﬀ^`n, ,W¡or¢#VhS£BW=VXUL¤8yQ¥au[K=a#O'a
OkB¦Z[XP§tO^`nﬂ¨Lac^]  a   [3j©^`PvPRQd
k/^e't':i
^ªLobMp 8« [,¦y'Kjvy#K=Ljh]N^
QZi
^3iRy'QQd
iRKau[Xi
Q
^`nﬃ¬­ﬂ'~&ﬂŁ'~&®¯¬°,'~&}±YVd``²)\YVhSbolMp 8« [\vU
iRy'[XiiRy'Qc^e']N{ﬀk[XiRy)¦p[d{^`nptQhQhkw¦p[Xi
QhP³_%[`jv´i
^iRy'QuROPRn;[`j©QuK=ﬃt'KO'RK=^eUµ^KeiRyQdKNP
nPv[`acQh¦Z^`PR´iRy'K=¶t'KO'RK=fBKNi{¯KﬀiRyQ
^]NQHk'PR^"j©QdRk'PRQhf`QdeiRK=eM¯iRyQtQhQhk·^Bj©Qd[`e¸nPR^a
m]=]K=eMﬃOku¦K=iRyuj©^]=tu¦p[Xi
QhPrRK=e´"K=eMﬃ[XiiRyQk/^]NQd0\vU)¹ºe¥SbaIiRyQ3jh[XPR_/^ecOcKbau[K=au[`]
OkB¦Z[XP§t'jh[`O'RK=eM[zO¶t'KNf`QhPvM`Qde'j©Q»_ﬂQd]=^	¦U¤8y'KﬂO"t'KNf`QhPvM`Qde'j©QuaO%
iﬃ_/Q#_[`]=[`e'j©Qdt
_B{wPRQdauK=e'QhPv[`]=KN¼d[XiRKN^eg^`n8^`PRM[`e%K=j?au[Xi
QhPvK=[`]pRK=e'´BK=e'M_/Qd]N^	¦½Sba¾Y;K=ack]=K=jhKNiR]N{[`RRO%auK=eM
iRy'[Xi¿iRyQ±t%K/O%RKNf`QgO"Ft'K=f`QhPRM`Qde'j©Q±K=e^`i¿_%[`][`e'j©Qdt·_{·j©^ef`QhPRM`Qde)iH[`tf`Qdj©iRKN^eÀ^`n
jh[XPR_/^eﬂ\vUÁ¤8y'K³_%[`jv´)Â2^`n­Â2iRyQ©Â2Qdef`Qd]N^`k/Qﬀjh[`]=jhO'][XiRKN^eH{BKNQd]t'[¶M]N^`_[`]_KN^`iRK=jh[`]=]N{wKe't'O'j©Qdt
f`QhPRiRK=jh[`]jh[XPR_/^e½O"½^`nwªÁobMZ « [I¦y'KjvyÃK=±jh]=^
Qi
^ÄQdRiRK=au[Xi
Qd±_[`
QdtÅ^eÆac^`PRQ

^`k%y%K=
iRK=jh[Xi
Qdtu[Xk%k'PR^[`jvy'Qd,YQ`UÇMU¬ﬂ'~&ﬂ&Ł)'~®¬&°­'~&}¿YVd``²)\vÈVhSbolMZ 8« [
j©^`PRPRQdRkﬂ^e%t'K=eM?i
^¶²XSLM 8 au	 [B\vU&¹i³KﬃiRy'K=ﬂO"¶¦,y'K=jvyj©^e)i
PR^]³[`ew^`PvM[`e'K=ju
i
^"jR´¿^`n
É S`SlolMZ ÊK=eHiRyQtQhQhk@^"j©Qd[`e(Yn^`PcPRQhn­QhPvQde'j©Q`WZÉ`É SlolMZ Ê[XPRQK=eHi
^Bt%[d{ﬂË¡u[XiRac^
k%y'QhPRQ\vU
 Zy'[`e'M`Qd³^`nriRy'KO±Y;K2UÇQ`U&^`n8iRyQzÌX_%KN^]N^`MKjh[`]lk%O%ack%Ì\,PRQdvO']Ni³K=eg[au^Bt'KNm%Qdt¿^"j©Qd[`e'K=j
^`PRM[`e'Kjﬃ[`e't?Qhf`Qde)iRO%[`]=]N{TKe^`PRM[`e'K=jjh[XPR_/^e
i
^"jR´RO'_%
QdÍBOQde)iR]={¥[ﬂQdj©iRKeMu[XiRac^
k%y'QhPvK=j
 8q

j©^e%j©Qde)i
Pv[XiRK=^e'hUﬂ¹ºeK=iRau[XMe'K=iRO'tQ³KNi,K=8j©^ack%[XP§[X_%]NQi
^z[`e)iRyPv^`kﬂ^`M`Qde%K=jQdauKRRKN^e
^`n 8q

Y£BUÇlolMp 8« [cn^RRK=]ﬂn;OQd]j©^a_%O'
iRK=^eK=eﬀ¨XS`SV \vU
Î
e^`i
QdtÏ[`]=PRQd[`t{Ð[Åj©^ack'PRQdy'Qde'RKNf`QIO'e%tQhPv
iR[`e't%K=eMÄ^`niRyQÊÌX_%KN^]N^`MK=jh[`]kO'ack%Ì
Qde'[X_%]K=eM?O'i
^n^`PRQdjh[`
i³KNiR_/Qdy'[	fBK=^`PK=e¿[jvy'[`e'MK=eMjh]=K=a¥[Xi
Q»y%[`e^`iﬃ_/QhQde¿[`jvy'K=Qhf`Qdt
{`QhihU
Î
M`M`Pv[	f[XiRK=e'MK=eiRy'[XiuPvQd
k/Qdj©i¥K=»iRyQy'K=Myi
Qdack/^`Pv[`]8[`e't@
k[`jhK=[`]rfX[XPvK=[X_%K=]KNiÑ{w^`n
_%KN^`iRKjk'PR^"j©QdR
QdT¦y'KjvyÒa¥KNPRPR^`PTiRyQﬀk%y{"RK=jh[`]8k%PR^Bj©Qdv
Qd?j©^e)i
PR^]]=K=eMwiRy'Q¶[	f[`K=][X_%K=]=KNi{
^`n»]=KNMyiz[`e'tÓQdv
Qde)iRK[`]ﬃeOi
P§KNQde)iRdU8J^`PQ©[`ack%]NQ`ÈrR[Xi
Qd]=]KNi
Q^`_%
QhPRfX[XiRKN^e'?PRQhf`Qd[`]³y'KNMy
j©^e'j©Qdei
Pv[XiRKN^e'^`n5vOPRn;[`j©Qjvy']N^`Pv^`k%y){"]=]/[`R
^"jhK=[Xi
Qdtﬀ¦KNiRy?tQhQhk¦Ke)i
QhP8auKN"K=e'M_'P§K=eMK=eM
eBOi
PvKNQdeiR&_[`jR´Ke)i
^3iRyQrRO'e"ÂÑ]KNi&ROPvn[`j©QZ^Bj©Qd[`ecKeRO'_'k/^]=[XPPRQhMKN^e%5[`e%t³¦K=iRyOkB¦ZQd]=]=K=eM
^X¿Ô¿Qd
i
Î
nPvK=jh["È
Î
acQhPvK=jh[c[`e'tﬀ[`]N^eMciRyQQdÍBO'[Xi
^`PdU
¤8y'Qn­^"jhO'c^`niRyQkO_%]=K=jh[XiRK=^e'»RO_%auK=i
i
Qdt@yQhPRQK=e±vOk'k/^`PRi»^`n3a{ÀÕ
ÖK=R
QhPRiR[XiRK=^e'Ì
È¡y^ ¦Qhf`QhPdÈbK³^eHiRyQ?RO_'i
Pv^`k%K=jh[`]bM`{BPRQz^`n8iRyQ?×^`PviRy
Î
iR][`e)iRK=jXÈÁ[f[`Ri#PvQhMKN^eÈ&¦,yQhPRQ
Ø)Ù
<D

wxr0§Ê~¥¦>¡

}7ÈG}7{»r²W9r0}9t}>Ürz9y²Ł;}9wx}9È;Ł@à>Ü}7yÜrzy@{»wW{x}7y49)ÃÊru½Írz
tvwx}7 »È;9Ür´y Ww;{»wWwxà

y{xu~Ûªwxrurzy Ü}7yL{»}

w*rzy}9{»rôŁ7Ł Ã`9

rz#½Łr
;

r²Ü}7yL{»}

w)wrutruw4{»}}[½íÃ`9

rzu~Jõdª;{x9yrz {xŁwx}

7Ł {xŁrÚÝ>rzWÚtÑQŁ}7ruÈ;W9r
Ł@{»{»Èh¡ÛÚ`Ú`»rzz½tvz~ 7»tvW~ 9}bÃÚ9ÝßSj0×<_ÝG~Û
Ł;}9wx}9È;Ł@à>4Ü}7y;ÜrzyL{»wW{x}7y Wwxr}b½Yrzx{õ;<M~§Ê~¥¦ ~

w9{x}7y9à{xŁ%wru7}7yô
wxru7Wwrz9l9yÚ}>Ürz9y;
ñ
rz»ruwx{xÇé½Łruwxr¼½y»{»wxrzÒ9rzyruwW{»rz-}[½y@½Yrzyé9y
xŁ9}[½,½y@{»ruw ÅylÜ}7yâyr

È@½OWw)y

{»wrzyL{¸{»w 9y»È }9wx{¸{»}¾{xŁr.

yÊÀk{r

È;Ł}9{x


wtv9Ür}ÊÜrz9y'õv½Ł Ł!yé»{»rz9à4»{xW{»rÄxŁ}

)rzÏ

9OrÜÅÊÈ }9wx{ØÈwx}Ê

Ü{x}7yQ}9t}9w79y
W{»ruw9Qõ2ÜrÝ%Ýß).í÷hûhüÞ6rø%?ù[ú?û õz¬W¬

 ~

ŁÈ;Ü{

wxr½O9Ü}7yÊâ;w¿rz@à
}Êu9Yrz9

wxrz¿rzy@{xØ}9ts{

w

rzy@{y

{»wrzy@{

ÈÈ;à¼{»}¼{xŁrJr

È;Ł}9{xºu}7yrÒ9yQtvwx}7
ßÑà
Õáy

;W{x}7y;ÍÜ}9wwxrz»È }7yy{»}9yrÜÅÊÈ }9wx{O}9tj}7yà¨e

D

	D
lõ2âÁ-Tvù»;ø)÷hßﬁ
õz¬9á9¤
 ~

Łr!rzy;7{xŁ»{

à%»ru{xI}

{I{»}-wxrz»}7Ã9r0¼{xŁW{uÆ}7yþ{xŁr}9{xŁruwQŁ9yhÆ¸¿rz`À


wrz¿rzyL{x}9tÃ9ruwx{xu9à!y@{»ru9wW{»rz0}zÅÊà@9rzyÜ}7y

¿È{x}7y!w W{»rzàÊrz9y²rÜÅ>È }9wx{}9t
}9wx79y¸W{»{»ruwª}9te¨j

D

hD
¾õ2ãû&4:ûjùõz¬9á9¦
½Ł;Łls¿}9wxr¸{xŁ;9yl}7yr}9wruw}9t
W7y{

rlŁ7Łruwz~sõÑÕ}9{»r¾{xŁW{wwxrz»È rzÜ{xÃ9rÒ}9t{xŁrz»rlrzx{xW{»rzruÃ9rzy²{xŁrÄwxrzÜ{x}7y
}9tª{xŁrÒ;}9{xu9àIrÜÂ rzÜ{»rz²9w»Àkxrz¾Þ

Å)}9tuWwx }7y!¿

x»rzéÜ}7y@{»wx}[Ã9ruwxrzà!yé{xŁr
wxru7}7yõ2ä#Gh÷&Êøﬂ÷hû?ü ý³9GMùzøﬂÄõz¬9¬9á
 ÆöÄßLß÷&ùÚõz¬9¬9á ÆÙü:ßæå#Ñú9Ñú ÷?ûhü
ä#Gh÷øﬂ'õf¦W§9§7¦
 ~ÛÒÝ>ruÃ9ruw 9wxrz9x}7ytv}9w{xŁ;WÈÈ;WwrzyL{JxÜwxruÈ9yÜà4WwrVÜ}7yxruwxrz
Łruwxr9~

Łr¸yÃ>

9wxrzxrzWwŁÄÈ;WÈ ruw]Wwxr9¡
ç
ä#­;øèX&éﬂêTﬁ;9yýzﬁë¿ù $%?ß)Gùs9y6³ﬁìí÷&hß)'DÆ9¦W§9§W¨¡7×ÖyL{»ruw y9 Àd½OzÃ9rÜÀky

Ürz
9y;¾}

;rÜÀkÂ

Ã9ry

{»w rzyL{Þ

ÅÊrz{»}.{xŁrØy

{»wrzy@{ÖÀkÜ}7y

y.

wxtÑ9Ür[à9ruw
y²{xŁr¾}79}9{»w}9È;Łl

{»wx}9È;u9Õ}9wx{xŁÚO{x9yL{xW~#î8ï0ðRñXò¯ó³ôXòñXõ»öï©÷ Ærø'ùhÆ]}7f¡
u§Ê~=u§9§)`Ú`	u§7¦9¢9¤bÀk§7§7¢`Àk§9§L¤W§WÀB¬>~
ú
qrurÜÅÊ9yrz)y

{»wrzyL{I

ÈÈ;à-{»} {xŁr

È;ÈGruw¼}ÊÜrz9y
>à%{

wx

rzyL{Å@À
y

xyÄ}Êu9S}Êu9Sx{x9yWw)}>Ürz9y}99w WÈ;Ł.¿rz9

wxrzrzyL{xØ9yQŁ7ŁÊÀ
wrz»}7

{x}7yÄÃ9ruwx{xu9jÈwx}Wârzs}9tSy

{»wrzy@{x[Ã9ruwW9rz}bÃ9ruwJWwx9rwxru7}7y¾ À
wrzÜ{xàÒÜ}7¿È;WwW;r{»}{xŁW{y@Ã9rz»{x7W{»rzÄ@àﬀã'û45ûjù¿õz¬9á9¦ ~
`
|SwxruÃÊ}

xà

y9uÜ}

yL{»rzJy

{»wrzy@{_{»w9y»È }9wx{YyL{»}{xŁry

{»wrzyL{ÖÀkÜ}7y

y


wxtÑ9ÜrÉ[à9ruw@àÄ9{âGy9ruwy.tv}

yV{»}JGrØ¿}9wxrÉ{xŁ9yÄâ;Ã9rutv}7VŁ;7Łruw
{xŁ;9y.{»w 9y»È }9wx{O

rª{»}ØyL{»ruwy;9 Àd½Í[Ã9ry

Ürz.{

wx

rzyÜr9~Ý>{xfÆL{xŁÍu9yÊÀ
y}9{.wxrzx}7Ã9rV{xŁr¾W }[Ã9r¿rzy@{x}7yrzÚWÈÈWwxrzyL{ÜwxruÈ;9yÜà9ÆYruÃ9rzyt¸9 À
{x}7y9;ÈŁLàÊxu9{»w9y»È }9wx{Í¿rzŁ;9yxÍ

 Ł9Yrz;àÈ

È;yÆ79Ã9rzÜ{x}7y
9y;lŁ}9wºu}7y@{x9hÂ

}7yWwxr¸9uÜ}

y@{»rzÄtv}9wz~
;»ruwxÃ9rzÒÕá
D
|Í
C
{

wx

rzy@{SÞ

ÅwW{x}7Í}9t

È{»}¿¦9¢ØWwryL{»ruwxÈ;wxru{»rzÒ9
{xŁrÙ¿Èw yL{Í}9tDÕ  âÅW{x}7y~
ç
ëù	$hßù)éýzﬁÙ9yÀêTﬁä#;øèX9yÀ6ﬁìí÷hß'DÆY¦W§9§7¢>¡ÝÊ9{ÖÀfâGy9ruwJwÃ9rzy
rzy;Ł9yÜrz¿rzy@{}9t

ÈÈ ruw}ÊÜrz9y¼y

{»w rzyL{ª

ÈÈà9~lûðRü0ý%þ)ô÷©ß 8ð©÷©ß&ð2ßeÆ
	Æ}7f¡
u§Ê~=u§7¦9¬ÚW¦W§9§7¢7Û?§[á9­9­7¦>~
ú
ÌÍàQwxrz

uyÄ{xŁrÈ }9{»rzyL{x9Yrzyruwx9à)}9tª9y

y»{xW;rJx9y;{kàÈw}Wâr9ÆDx9{ÖÀ
âGy9ruwyu9yÆe rzxrzØyL{»ruw y9O½Í[Ã9rzrÜÅu{»rz!>à4½yé9yé{xrzuÆD9rzyÊÀ
ruw W{»r¾{

wx

rzy@{Ã9ruw{xu9 ÅÊy~

Ł;»{

à9ÆY9»rz²}7yÚ4Ü}

È;rzÚ¢bÀk
rz;àLÀdÈ ruw{»{xy¸}99ru}> Łrzu9G¿}Êrz}9t{xŁrªÕ}9wx{xŁO{x9y@{xWÆ>rÜÅÊ9yrz
{xŁrÈG}9{»rzy@{x9 Ü}7y@{»w

{x}7y.}9tDx9{ÖÀfâGy9ruw]y

ÜrzÅÊyÙ{»}

ÈÈ ruw»Àd}ÊÜrz9y
y

{»wrzyL{D

ÈÈà9~[

rO{»}»È;Ww»rÍ}9;»ruwÃ`W{x}7y;9@W{xª{xŁMuÆ

ÈÀd{»}WÀkW{»r9Æ9{xŁr
}7y;à¿ru{xŁ}>Ø{»}rÜÅu

rO{xŁW{e{xŁrsWÈÈ;Wwxrzy@{_xÜwruÈ;9yÜà¸ ru{k½Írurzyy

{»wrzyL{


ÈÈ;àV{»}¾9y;IrÜÅÊÈG}9w{¸tw}7 {xŁr.r

È;Ł}9{xºu}7yr.y){xŁr}79}9{»wx}9È;Ł

À
{»w}9È;u9DÕ}9w{xŁO{x9yL{x¿u

»rz¼>àV Â ruwxrzy@{ªu9rz}9tS{xrØ9y;¾xÈ;9Ür
y{xŁr¸wxrz»È rzÜ{xÃ9r¸x{

rz¸õ2ã'û45ûjùõz¬9á9¦ Æä#­;øèX¿;øQ÷hßﬁMõf¦W§9§W¨
 ~
ç
ä#­;øèX&é&êzﬁ?9y¾ý?ﬁÁë¿ù	$hßù9Æ>¦W§9§W¨¡ÔV}>rzyØW;}9{xÈwx}Ê

Ü{x}7y}9tjWÈ;È;Ww»À
rzy@{}[Å>à>9rzy

{xW{x}7yÒyÒ{xŁrÙ}79}9{»wx}9È;Ł;

{»w}9È;u9Õ}9wx{xŁÄO{x9y@{xW~Zî8ï§ðRñ`ò
ó³ôXòñXõ»öï©÷ Æ;

;{»{»rz~
ú

ŁrrÜÅÊÈ }9wx{Orz»{xW{»r}9tã;û4:ûjùÉõz¬9á9¦ Æ;½Ł;ŁJÍ;9»rzJ}7y}zÅÊà>9rzyÒÜ}7yÊÀ


¿È{x}7yJwW{»rz]W{sruÈ{xŁÒ¿È;u{xàØ9x

rzO{xŁW{]WÈÈ;Wwxrzy@{]}zÅÊà@9rzy

{x À
W{x}7y_x}7rzàÙrÜÂ rzÜ{»rz.@àÉ;}9{xOÈ;wx}>Ürz»rzõÑf~ r9~7yru{Swxrz»È;w W{x}7y ~`!y¸
Ü}

È;rzl¢bÀk%uw

W{x}7yÊÀd}zÅÊà>9rzyl¿}ÊrzG{xŁrÈ }9{»rzyL{x9G}9tDW;}9{xWÆÊÈ;Ł@àÊxu9
È;wx}>Ürz»rz;9xy.WÈÈWwxrzyL{}[Å>à>9rzy

{xxW{x}7y¾9½YrzM9{xw W{»rz¸yÊÀ
Ã9rzx{x7W{»rz~qsrz

{xYyuW{»rs{xŁ;W{Y{xŁrã;û4:ûjùõz¬9á9¦Yrz»{xW{»rSyrurz
9»rzlŁ7Ł@àl¿õu§LËus

r{»}W;}9{xÈwx}ÊÜrzx»rz]tvrz7yyØwxrz»È;w W{x}7y}7y
wrz»È rzÜ{xÃ9r¾»}9È@àÊuy9z~SÎeruwx{xu9ªy@{»ru9wW{x}7yÆOŁ}b½YruÃ9ruwzÆOàÊrz.9y0W}9{x
tvw9Ü{x}7y}9tMrzxÍ{xŁ9yÒ¢7ËJÆ»}Ø{xŁrWÈÈ;WwrzyL{O}9;»ruwÃ`W{x}7y;9G;xÜwxruÈ;9y;Üàu9y
y}9{s rwxrz»}7Ã9rz~
ç
ìí÷hß'bé#6³ﬁ¿9y
ý?ﬁTëù	$hß)­ùé9yæêTﬁuä#­;øèX 9y½1»ﬁuE!úG&ûjú9y
EÓﬁ/÷hûhüDúﬂ-
9yTﬁ/GøﬂG:$4YÆb¦W§9§W¨¡ª7ŁÉwW{»rzD}9t;y{»w}99rzy¸âÅW{x}7yØ9yÉ¸





Ü{x}7yy{xŁr

{»wx}9Èu9 Õ}9wx{xŁÄO{x9yL{xÜrz9y~{»}. rªwrÜÀk

;{»{»rz~
ú
ß_ÅÊ9yrzª{xŁr¿È }9{»rzyL{x9j}9tY;}7}97u9jÈ;wx}>Ürz»rzÈwxruÃÊ}

xà

y9uÜ}

y@{»rz
{»}wrzÜ}7yurJ{xŁrÒŁ{xŁruw{»}Vrzy7W{xxW{xŁ4 ru{k½Írurzy!}9wx79y ÀkW{»{»ruw
È;wx}>

Ü{x}7y¿9y.y{»wW{»r

ÈÈ;àÉy¿{xŁr

{»wx}9Èu9Õ}9w{xŁO{x9y@{xªÜrz9y~
Ø
ßÑà
Õ  9y
ß
C

 

È;{xW«9rÒrÜÅ>È ruwrzyL{x¿9¿½ÍrzO9¿rz9

wxrz¿rzy@{x¿}9tÖÀ
x}7Ã9rz)}9w79yuWwG}7yQ9y4WÈÈ;Wwxrzy@{Ù}[Å>à>9rzy

{xW{x}7yy)Äwxru7}7y4 À
wrzÜ{xàÜ}7¿È;WwWr{»}É{xŁW{YyLÃ9rz»{x7W{»rz.>àzã'û45ûjùõz¬9á9¦YyuW{»r{xŁW{
Õ  âÅW{x}7y¾9yÄŁ9}b½-rÜÅ>È }9wx{}9tex»}7Ã9rzl}9wx79y¸uWwx }7yl>àl



 À
{x}7yây;9à)rÜÅÊÈ;9yrz{xŁr¾WÈÈ;Wwxrzy@{.;xÜwxruÈ;9y;Üà4{xŁ;»{

à!»ru{}

{.{»}
wrz»}7Ã9r9~
qsrz

{xlÈ;wxrz»rzy@{»rz y-{xŁr)È

;uW{x}7y;uÆs»{»rz'WG}bÃ9r4yuW{»rI{xŁ;W{V{xŁr4WÈÈ;Wwxrzy@{
ÜwxruÈ;9yÜàÒwxrz

Ürz@à-¦W§LËët9;{x}7y9È;Ł@àÊxu9{»w9yxÈG}9w{l¿rzŁ9y;xÒ}9t
y{»w W{»rI

ÈÈ;à!{»}{xŁrI

wtv9ÜrI[à9ruwÄ9yW;}9{x¼Èwx}Ê

Ü{x}7y}9tØWÈÈ;Wwxrzy@{Ò}zÅÊà>9rzy

{xxW{x}7yØW{SruÈ;{xŁWwxr9uÜ}

y@{»rz.t}9wz~

Łr]wxrz9y;y¸áW§LËþWwxr9xÜw rzØ{»}Ùy{»wx}99rzy
âÅW{x}7y¼9y¼



Ü{x}7yl}9tSx»}7Ã9rzV}9wx79yØuWwx }7y~G×ÖyV{»}9{x9dÆG{xŁrÉ7WÈ½Ír¿»ru{}

{
{»}rÜÅÊÈ;9yÒ]ÇW}[Ã9ruwxrÜÅÊÈ;9yrzÇ¿>àJuÊ~5z­7ËJ~
×Öy)9{x}7yIÄu[Ã9rzW{Ü}7yÜruwyyÄÄx{x9yWwQ¿ru{xŁ}Ê

xrzI{»}V;»{xy

xŁ¾ ru{k½Írurzy
È;Ł@à>u9àÙ9y;Ø;}9{xu9à¸rÜÂGrzÜ{»rzJ9w»ÀkxrzªÞ

ÅÊrzD}9t}[Å>à>9rzyDwruÈG}9w{»rz~7ÔÄrz9

wxrz¿rzy@{
9u

w9Üà }9tyru{¼9w»Àk»rz0}zÅÊà@9rzy Þ

Å>rz¾ÄyÜwxrz9xy~ª}7y0Ü}7rz¾9y%y;Üwxrz9»rz
{»rz¿È{xW{x}7y²{»}

»rl{xŁrzxrlÞ

ÅÊrz{»}4ruwÃ9rVyru{;}9{xu9àQrÜÂGrzÜ{»rzÚ9w»ÀkxrzÞ

ÅÊrz}9t
}zÅÊà>9rzy,õv½ŁŁu9yÆ

xy!qsrzâ;rzÚ»{»}7 Ł}7¿ru{»wxà9ÆGr{»w 9y»tvruwxwxrzy@{»}!;}9{xu9à
rÜÂ rzÜ{»rz,uWwx }7y%rÜÅÊÈ }9wx{Iy@{»}{xŁr²ruruÈ }ÊÜrz9y ~ÙÔV}Êrz¿wxrz

{xyuW{»r4{xŁ;W{I{xŁr
»{x9y;Wwl¿ru{xŁ}ÊÆ;tjWÈÈ;rzwxru7}7y9à9Æ7Ł@{s½ÍrzÈwx}9È }7»r{xŁr¸½swx}7y;wxrzÜ{x}7yÒ}9t
;}9{xu9àrÜÂ rzÜ{»rzVuWwG}7ylrÜÅ>È }9wx{sy@{»}{xŁr¸ruruÈl}>Ürz9yh~
ç
ä#­;øèX&éêzﬁ9yý?ﬁë¿ù	$hßù9ÆD¦W§9§W¨¡OÝ>ruÈ;WwW{xy¾ÈŁLàÊxu9àI9yé;}9{xu9à
rÜÂ rzÜ{»rz¼9w»Àk»rzÞ

Å}9tY

yl{xŁrÕ}9wx{xŁÄO{x9yL{xW~GyVrz9»àÒ{x9»«ßrûðRü§ýþ)ô÷©ß
 ð0÷©ßÆ;

;{»{»rz~
ú
Õru7rzÜ{xy.9j¿rzŁ9y;x]È }9{»rzy@{x9àJÈwx}Ê

uy¿ruÃ>W{x}7ystvwx}7ﬀxW{

À
w W{x}7yJ}9t?É79]x»}7Ã9rzyJ»rzz½OW{»ruwswxrz

{xÍy.{x7Ł@{]Ü}

È;y¸ ru{k½Írurzy
9w»Àk»rzŁrzW{OÞ

ÅJ9yl79OÞ

Å ~

ŁOÜ}

ÈyÆ>}9wÜ}9wxwxrzW{x}7ylO{xŁr»{x9yÊÀ
;Ww¿ru{xŁ}>{»}rz»{xW{»rW;}9{xu9àÉrÜÂGrzÜ{»rzÒ9w»Àk»rzÞ

Å>rzS}9t79»rzY½{xŁ
tÑ9»{ª9w»Àk»rz79rÜÅŁ9y9rÉ

Ł¾9sr9~ ~G}zÅÊà@9rzy~

Łs»{

àrÜÅ9yrz{xŁr
È }9{»rzy@{x9Y}9tsW;}9{xÈwx}ÊÜrzx»rz}9{xŁruw{xŁ;9yIây;{»r79rÜÅÊ Ł9y9rÃ>}7W{xy
{xŁr9w»Àk»rzŁrzW{Þ

ÅÄ{»}Ò}zÅÊà@9rzyIÞ

ÅVÜ}9wwxrzW{x}7y~ÌO9»rz}7y¼wrz

{xªtvwx}7
ÒÜ}

È;rz¼rzà@ÀdÈ ruw{»{xy¢bÀkuw

W{x}7yÀd}zÅÊà@9rzy¿}ÊrzD}9tÍ{xŁrÕ}9wx{xŁ
O{x9yL{x¸{k½Í}Èwx}ÊÜrzx»rzWwxrÙrzy@{x â;rzh¡
õ	ÙÝ>}7Www9W{x}7y¼ÈGrzyru{»wW{xyJ rz}[½þ{xŁr Å>rz¼[à9ruw¸½OWw½OW{»ruwÙy
xÈwyÚ`

¿ruwz~jÉ{xŁrJ½ÍW{»ruw¿½OWwÉ»}7

;{Bà¾yÜwxrz9»rzØ9yÆMxyÜrJ{
lxŁrzrztwx}7 {xŁr)W{x¿}7xÈ;Łruwxr9Æs}bÃ9ruwxW{

w W{x}7y'ruÃ9}7Ã9rzu~

wy

À
{

yÚb½y@{»ruwzÆ`½ŁrzyÉ{xŁrO ÅÊrzØzà9ruw_ruruÈ rzyD

rY{»}rz»{xWºzy

wxtÑ9Ür


}[à79yÜàÞ

ÅÊrzD{xŁrO}[Ã9ruw xW{

wW{»rz½ÍW{»ruw_9ru{xS;9x«Øy@{»}Ü}7yL{x9Ü{Y½{xŁÉ{xŁr
W{x}7»È;Łruwxr9~

Łryru{rÜÂGrzÜ{{xŁW{{xŁr»{x9y;Ww¿ru{xŁ}Ê¼àÊrz9yy

9
ÜàÊurz]}9tD9w»ÀkxrzØ}zÅÊà@9rzylÞ

Å.9»rzÒŁ7Ł9s

 Łl9¦W§LËﬂ{»}.­W§LËy{xŁr


{»wx}9È;u9Õ}9wx{xŁÄO{x9yL{xW~
õf¦

r{»}¼{xŁry}7yyrzWwÙwxrzW{x}7yxŁÈQ ru{k½ÍrurzyQ}[Å>à>9rzyxW{

wW{x}7yÚõÑf~ r9~
x}7

;{kà'_9y;{»rz¿È ruwW{

wxr9ÆÅÊyÉ}9tM{k½Í}½OW{»ruwÈ;Ww Ürz]½{xŁÂGruwxrzy@{
z¢
{»rzÈGruw W{

wxrz¸9y9y{xrz}>rz9½OzàÊwxrz

{y¼l ÅÊrz¾È;WwÜrzD}[Ã9ruwxÀ
W{

wW{»rz4wxrzW{xÃ9rJ{»}¾{xŁr.¿rz9y4}9t]{xŁrJ}9w7y9eÈ;WwÜrzu~?ÚŁruwxruÃ9ruw¿

 Ł
¾½OW{»ruw¿È;WwÜrzÍ½ŁŁQ½Í9¿

ÊÐÖrzÜ{É{»}y@{»rzy»r ÅyÄ9ru{x¿yL{»}Ü}7y@{x9Ü{
½{xŁ{xŁr¼W{x¿}7»ÈŁruwxrV{x}bÃ9ruwxW{

wW{x}7yrzÜ}

È;rz{xŁrV}[Å>à>9rzyÊÀd{»}WÀkŁrzW{
Þ

ÅÜ}9wwxrzW{x}7y~
 µç-° µﬀè%æðíµ#°
r.xru{¸}

{¸{»}lwrz»}7Ã9r9yIWÈ;È;Wwxrzy@{ÙyÜ}7y»{»rzyÜàVGru{B½YrurzyQrz»{xW{»rz¸}9tO;}9{xu9àLÀ
rÜÂ rzÜ{»rzuWwG}7y'rÜÅ>È }9wx{Vytvruwxwxrztvwx}7ëÃ9ruw{xu9ày@{»ru9wW{»rz }zÅÊà@9rzyÜ}7y

È{x}7y
wW{»rz²õ2ã'û45ûjùÚõz¬9á9¦ﬀ¨j

D

 D
)¾y%

;

wxtÑ9ÜrQ½OW{»ruwI9yþ}>u9¿¿rz9

wxrÜÀ
¿rzy@{xÙ}9t]{

wx

rzy@{Ùy

{»wrzy@{Ù

ÈÈ;à¾{»}Ä{xŁrJr

È;Ł}9{x¿ºu}7yrõ2âÁ-Tvùﬀ;øÚ÷hßﬁ]õz¬9á9¤ﬀ
¨e

D

	D
yÄ{xŁrrz9»{»ruw y

{»wx}9Èu9?Õ}9wx{xŁ¼O{x9y@{xW~|_wx}ÊÜrzx»rzx{»rzVyÄ{xŁrØwxrÜÀ
»È rzÜ{xÃ9rVÈ;WÈ ruw}9t{xŁrVÈwxruÃÊ}

.»rzÜ{x}7yÇW}[Ã9ruwxrÜÅÊÈ;9y;Ç){xŁr¾WÈÈ;Wwxrzy@{.;xÜwxruÈ;9y;Üà
 ru{k½ÍrurzyÄ{xŁrÙ{k½Í}rz»{xW{»rz>àluÊ~:z­7ËJ~ |_wxrzyWwàwxrz

{x];9»rzV}7yÄ.Ü}

È;rz¾¢bÀ
þrzàLÀdÈ ruw{»{xyÉ;}99ru}ÊŁrzu9?¿}Êrz}9te{xŁrÕ}9wx{xŁVO{x9y@{xÙy;uW{»r{xŁW{{xŁ
ñ
}[Ã9ruwrÜÅ>È;9yW{x}7yÇV¸y}9{OÐ

»{9y)Wwx{»rutÑ9Ü{Ù}9tO{xŁrruwwx}9wÙ9»}>uW{»rzI½{xŁIrz9ŁQrz»{x À
W{»r9¡
ã;û4:ûjùõz¬9á9¦¿rz9

wxrzÄWÈ;È;Wwxrzy@{}zÅÊà>9rzy

{xxW{x}7yÆÊ{»w{x

9y;
á
rÙ}7yÄ»}9È@à@À
uy9Ä½{xŁy{xŁrQx}WÀku9rzÌYru{x

w9y7r0õ;<D~§Ê~¥­>Æy9¿rzWt{»ruw¾{xŁr4Gru{x`ÀkxÈ;w9
¿ru{xŁ}ÊWÈÈ;rzÄ{»}lŁ@àÊwx}99wWÈ;Ł;xrzÜ{x}7yIW{xIõGøú:,,ß¼÷hûhü¸$%Mú?ø ø²õz¬``

 ~
hrz9x{ÖÀkxÏ

WwxrÄyrzWwÉwru9wxrzxx}7yé ru{B½YrurzyWÈ;È;Wwxrzy@{¿}zÅÊà@9rzy

{xW{x}7yQ9y;!W9r9ÆSrÜÀ
wÃ9rztwx}7 {xŁr{»w9y;xrzy@{e{»w9ÜruwYÈ9wzÆ9àÊrzrzØ}[Å>à>9rzy

{xxW{x}7yw W{»rzu~

Łrz»rs}zÅÊà>9rzy

{xxW{x}7y¼wW{»rzÉ½ÍruwxrÃ9ruw{xu9àIy@{»ru9wW{»rz49y)Ü}7y@Ã9ruwx{»rz!y@{»}V9y4zÃ9ruw W9rJrÜÅÊÈ }9wx{
}9t}9w79yW{»{»ruwtvwx}7ê{xŁrÒ

wxtÑ9Ür}>Ürz9y

xy¾qsrzÊârzQx{»}7Ł}7¿ru{»wxàõÑxrurl9»}
<D~x§Ê~¥¢¿tv}9wst

wx{xŁruw]rÜÅÊÈ;9y;W{x}7y ~
×Öy0{xŁrt}7}[½yQ{xŁJru{xŁ}>Ò9x»rzx»rz'yÚ9yÚrÜÅ>{»rzyrzÃ9ruwx}7yÚ}9tÉ{xŁr¼rzà@À
È ruw{»{xy}99ru}> Łrzu9;}>Ürz9y.¿}Êrz

»rz9»}Ùyzëù	$hß)­ù3;øÄ÷hßﬁ õf¦W§9§7¢ ~

Łr
rÜÅÊ{»rzyx}7yÙWwxr.9yQ9{x}7y;9D}zÅÊà@9rzy4Ü}7¿È;Wwx{xrzyL{ÉÜ}

È;rz{»}Vy{»wW{»r¿Þ

Å>rz¸½{xŁ
JâÅÊrz¼qsrzÊâ;rzVw W{x}Ò9y9yW9r¿{»w9Üruw¸½Ł;Ł¼Ü}

y@{x

È¼{x¿r¿y¾ruÃ9ruwxà¾9w¾ }zÅ Æ
rÜÅÜruÈ{W{s{xŁr

wxtÑ9Ür½Łruwxr¸W9rÉ]Ü}7y@{xy

}

xàJwxrz»ru{]{»}.ºuruwx}~
×Öy-{xŁré¿}ÊrzÙ{VÄÈ }7x;r¼{»}ÚÜ}7¿È;Wwxr4{xŁr)}[Å>à>9rzy

{xxW{x}7ywW{»rz¾rz»{xW{»rz
½{xŁ.{xŁr¿ru{xŁ}ÊrzxÜw rzW }bÃ9r½{xŁ{xŁr9Ü{

9wrzyruw9xW{x}7ywW{»rzOx

W{»rz
õ;<D~§Ê~ ¨ ~GÈÈà>y{xŁr¸¿ru{xŁ}ÊÒ}9t3ã;û4:ûjù¿õz¬9á9¦s{»}¿}Êrz }

{»È

{]wxrz

{x]yrzÖÀ
{xW{»rzÙ}9tY}[Å>à>9rzy

{xW{x}7y¾;9»rz}b½¸~

Ł;¸W99w[Ã`W{»rzQ@à¼{xŁr¿tÑ9Ü{Ù{xŁ;W{¸{xŁr
W;}9{xØtw9Ü{x}7yu

»rzI>à¼W;}9{xÉÈwx}ÊÜrzx»rz¸rÜÅ>È;9yrz¼yä#ø/è`!÷hûhü·ëù	$hß)­ù
õÑ

Ò~;¦W§9§W¨7)½Y}

Æ{xW«9rzyV9}7yr9Æ;rz9Ä{»}.9yl}bÃ9ruwxrz»{xW{x}7y~Õ}9{»rÉ{xŁW{s{xŁrÉx9¿r
wxrz

{Ù}9{x9yrzQ½ŁrzyhÆjyx{»rz9)}9t

xyl{xŁrJW9r{»w9ÜruwzÆM{»wbÐ»rzÜ{»}9wrzØ}9tsWwx{xâu9
wt{»ruwÉWwxrÒu9

W{»rzé;9x«>½ÍWw ¿yQ{x¿rÒyQ}9wruw¿{»}u9

W{»r{xŁr{xrJrzWÈ;»rz
xy;Ür.{xŁrJwxrz»È rzÜ{xÃ9rIõÑ¿}Êrz­¸½OW{»ruw¿È;WwÜrzÉ½ÍruwxrJyQÜ}7y@{x9Ü{½{xŁQ{xŁrÒW{x¿}7»ÈŁruwxr
õÑ»rurÙ9»}¥<D~x§Ê~¥­ ~

ŁrYWwx{xâu9Lwtv{»ruwh{»wbÐ»rzÜ{»}9wrzDWwxrÍ}9t9{x}7y;97 rzyrÜâ;{?9j{xŁruàÙyuW{»r_{xŁ;W{j}7yà
ﬁ
­W§LË }9t{xŁrÍ½OW{»ruwetv}

yÉyÉ{xŁrY{xŁruw¿}ÊuyrY}9t;{xŁrOÌÍru{x

w9y7rÍwxru7}7yØ»{»rzMtvwx}7
z­
{xŁrØÕ}9w{xŁ¾9y;Ä½O9



Ü{»rzÄwxrzÜrzyL{xàQõÑ»rurØ9»}?<M~§Ê~¥¤ ~

ŁrÙwrz9yytw 9Ü{x}7y
]}9tDwxrzW{xÃ9rzàŁ7ŁVÝ>}

{xŁlO{x9y@{x

rzy@{»w9IW{»ruwõdÝÊ

OÜ}7y@{»rzy@{½Ł;ŁÒtv}7}b½
W{Íâ;w»{Í{xŁruw

W{x}7y.Ww}

yJ{xŁr

{»wx}9Èu9;9à>wxr9yYây9àØy`ÐÖrzÜ{»rzJtvwx}7ﬂ{xŁr
Õ}9wx{xŁy@{»}¸{xŁrwxru7}7y}9ty@{»ruwxrz»{u~

ŁDrzy@{»w9yrzyL{_}9t?ÝÊ

í½{xŁ¸Ł7ŁWÈÈ;Wwxrzy@{
}zÅÊà>9rzy

{xxW{x}7y0õÑﬃ!Éx7y9O9u



W{»rz!

wyV¾{x¿rÜ}7yxruwW;àI}7y9ruw
{xŁ9y!{xŁrltru½ﬀrzu9rz½ŁŁ²Ü}

é rÒwxrz»}7Ã9rz²½{xŁé{xŁrVŁrz

ê{»w{x

´¿ru{xŁ}Ê
È

ŁrzØ{xŁrÄx}9È@àÊuy9s!9w 9rzy@{xy@{»})IwrzÜ{x}7y!{xŁW{}9È;ÈG}7xrz¿{xŁrlrÜÂ rzÜ{.}9t
wxrz»ÈwW{x}7y~ÊO{]{xŁrx9¿r{x¿r9Æ{xÍrÜÂGrzÜ{s}7y{xŁr;»{»w

{x}7y}9tMW9r¸}7yÒ»}9È>àÊuy9O
y}9{yÊÞ

rzyÜrzl{»}{xŁr¿x9rrÜÅÊ{»rzyL{ rzu

xrÉ{xŁr½OW{»ruwÙ{»}@}}7¾{»}ÒuWwxwxàVJ7y âÀ
u9y@{s{»w{x

TÚ`Łrz


x7y;9f~

Łryru{]rÜÂGrzÜ{wxrz

{x]y.rzx{xW{»rz]}9tDWÈÈ;Wwxrzy@{]}zÅÊà>9rzy

{xxW{x}7ywW{»rz¸õv}9{x9yrz>àWÈÈà>yÙ{xŁr¿ru{xŁ}>J}9tãû&4:ûjùÉõz¬9á9¦
O;9xrz.}b½
wxrzW{xÃ9r{»};}9{xwrz»È;wW{x}7y½Ł ŁÒ9Ü{

9àJ{»}@}9«È;9Ür9~
Ý

y

ÈhÆM½YrÒu9y!»{xW{»rÒ{xŁW{u¡õ	

ŁrJxW{x ŁéGru{B½Yrurzyéru{xW{»rz¿}9ty;{»wW{»r


È;È;à4{»}Q{xŁr¾

wxtÑ9ÜrVzà9ruwÒ9y}[Å>à>9rzy

{xxW{x}7y!W{ruÈ{xŁy{xŁrÄ}79}9{»w}9È;Ł


;{»wx}9È;u9hÕ}9wx{xŁ¾O{x9y@{xswxrz

Ürzl>àÄ¦W§LËtMÈŁLàÊxu9È;wx}>Ürz»rzÈ;wxruÃ>}

xàyrÜÀ
7rzÜ{»rz¼WwxrÉ9uÜ}

yL{»rz¼tv}9wz~Dõf¦

Łr¸wxrz9y;y.áW§LËWwxrØ9xÜw rzÒ{»}J;}99ru}ÊŁrzu9
Èwx}ÊÜrzx»rzzÆSy9¿rzàéy{»w}99rzyéâÅW{x}7y²9y²



Ü{x}7y4}9t»}7Ã9rz!}9wx79y;luWwx }7y
õÑ¸Ô¿ ~]õf¢

}Ä{xŁrJrÜÅ>{»rzy@{É{xŁW{{xŁr.¿}ÊrzSuw

W{x}7yQÙÜ}9wwxrzÜ{uÆD{xŁrrz»{xW{»r.}9t
WÈÈ;WwrzyL{É}zÅÊà@9rzy

{xxW{x}7ywW{»rzÉ@à@ãû&4:ûjùÄõz¬9á9¦¿7Ł@{Ù r.¾}[½Íruw¿{Ùf~ r9~
;}99ru}ÊŁrzu9Èw}>Ürzxxrzs7Ł@{]È;[àJ9yÒruÃ9rzyÄ¿}9wxr¸ÃÊ{x9 wx}7r{xŁ;9yÒwxruÃ9rz9rzly{xŁ
{xŁrzxu~

}7yÜruw yyI{xŁrÄÈwxruÃÊ}

ÈG}7yL{{.}9@ÃÊ}

xà4Üw

u9s{»}4rÜÅ>È}9wxrl{xŁrVrÜÅ>{»rzy@{{xŁr
È;Ł@à>u9Duw

W{x}7y¾}>rzDu9y rØ{»w

x{»rz¼½{xŁ¾wxrz»È rzÜ{{»}l{xuWÈ;W{Bàl}9tYwruÈwx}WÀ


uy{xŁrsuw

W{x}7y¿9ylõÑ Â

xÃ9r ?½OW{»ruw»Àk9xS{»w9y»tv}9wW{x}7y¿yÉ{xŁrs

{»w}9È;uu~
!ªyt}9w{

yW{»rzà9ÆG{xŁrØ9x»rzxxrzyL{ª}9tSuw

W{x}7yÄ9y;¾; Â

x}7ylyÄ9rzyruw9M}ÊÜrz9yuw

À
W{x}7y4¿}ÊrzÙy}9{{»wÃÊ9õÑ9y;)½O9ÉGruà9}7y;I{xŁrxÜ}9È r}9t]{xŁÙ{xŁrz§ ÆjyL{»ruwØ9
 rzu

»rl{Ł;9¿{»}Iyu

rJ)Ü}7¿ÈwxrzŁrzy;xÃ9r

yruw »{x9yyV}9t»È

w }

Éy

ruwu9
rÜÂ rzÜ{xu

»rz>à9Ã9rzÜ{x}7yl9yIõvŁWw¿}7y;	_; Â

x}7yŁrz¿rzÉõvr9~ ~ﬂä#ø/è`¾÷?ûhü
ë¿ù $hß)­ùõÑ

;l~ ¦W§9§W¨9ﬂ
 ~MÕruÃ9ruw{xŁrzrzx¸{ªŁ9{»}ÒÈ;wxrzÜrzrÒ¿rz Ł9y»{xu9

yruw»À
»{x9y;yÄ}9tªÕ

âÅW{x}7y49yéÔëÈwx}Ê

Ü{x}7yÚ`Ü}7y

È{x}7yIxyÜr9ÆM

r.{»}»ÈWw»r
}9;»ruwÃ`W{x}7y;9;W{xÊÆ>;}99ru}ÊŁrzu99rzyruw 9;}ÊÜrz9y.uw

W{x}7y¿}>rz_Èw}[ÃÊr9Æ

y@{x
y}b½¸Æ?{xŁr}7yà¼È;W{»tv}9w {»}¾Ü}7y»{»w9yI{xŁrrÜÂ rzÜ{É}9t]{xŁrz»r}9{x¿Èw}>Ürzxxrz¸}7yI9xy
xu9r9~
Øﬃﬂ
0
50
100
150
200
18°N 20°N 22°N 24°N 26°N 28°N 30°N
100
200
300
400
500
Pr
es
su
re
   
[db
ar]
P284 30°W Section AOU  [µmol/l]
26.2 26
.35
26.35
26.5
26.62
26.85
0
20
40
60
AO
U 
[µm
o
l/l]
26.2 <= σ0< 26.35
20
40
60
80
100
AO
U 
[µm
o
l/l]
26.35 <=σ0< 26.5
20
40
60
80
100
120
AO
U 
[µm
o
l/l]
26.5 <=σ0< 26.62
50
100
150
AO
U 
[µm
o
l/l]
26.62 <=σ0< 26.85
18°N 20°N 22°N 24°N 26°N 28°N 30°N
50
100
150
AO
U 
[µm
o
l/l]
26.85 <= σ0< 27.15
<D

wxr§Ê~¥¢>¡ %ýýð"!lý"ñXò/ð"#%$'&gð"!0ö)(XöüXòñ*#
)!
ñXò÷hðvï+lü-,3ñ§ýýñ!
ðhò.lü+/ô+0ð©ò213;ö4#Ûö­÷©ñ5;ö;üXò7648»î9
:
üﬃ;©÷hð"!=<Xð>(»ñ#ü`ò?0¢W§5@Aﬀß3BC#ñïDFEG#Nñﬃ;vð#Nð>(cïvüXò
2ü1H!v÷I!Rð),dð"!I2ü9()ðhò÷§ö);ôCJ.K`ßBC#Nñï"DL(ü*÷M(ð©òü*Ñð
üﬃ;©÷hð"!=<ñ5;ö;üXò'÷>EZïdöN!
ï#=ð0÷³ñ!Rð³÷ﬀ1 ýý"ü*!=;öò?0³ý"üXöò.÷üﬃ;+2ñXöòﬂðO(2;©ôP<Xð"!";öïvñ#Q# ö­ò/ðRñ!öò.Ñð!2ý"ü*#ñ*;öüXò
üR,¥üﬃ;©÷hð!ﬀ<Xñ*;ö;ü`ò÷ﬃý
!0ö;ü*!P2üïvüXò.2ü*1S!0öò?0)ß T&ü#4#üUÁöò?0wñ`ògö­÷©ü§ýﬂô`ïdòñ#
,ﬀ!
üXõWVü!"þX2üZY/ü13þ
!Rð"<Xðvñ#Û÷8ö­òï+!
ðvñ÷§öò?08»î9Áß\[&þðI#NüUð!5ý"ñXòﬂð# ÷3ðhõýþBñ÷§ö­÷hð]þö÷C(Xö­÷=)!0ö;13;ö;üXò^,hü!_!Rð0÷2ý'ðRï+;ö4<Xð
()ðhò÷§ö);ôuï#Nñ÷v÷dð0÷`6a!
ð>(b)!0ö;ñXòS0*#=ð0÷a:`ßﬂã'û45ûjù6
Ø5c`* 
:¥ï§üXõP;©öòﬂðO(dþö÷3ö­ò+,hü!0õuñ*;ö;ü`òeUÁö)þuö­òf
,hü!§õuñ*;öüXò±üR,b;öõ¥ðTð#ñ§ý÷hðO(ﬀ÷0ö­òï0ðþ"ðd!Rð0÷ÑýðRïF;öN<`ðUlñ*Ñð"!3ýñ!ï0ð"#Û÷PUð"!Rð¥ö­òïvüXò
2ñï+g6ñXò'(
ðOh+1"öN# ö;!§ö41"õñ÷g!Rði0ñ!-(÷Pþ"ð©ö4!uü+/`ô+0Bð©òw÷hñ*)1H!ñ5;ö;üXò5:ZUÁö4þjþ"ðTñ*;õuü÷2ý%þð"!Rð?ñXò
(ﬀü?;2ñXöòﬂðO(
ý"ü÷0ö4;ö4<Xðzñ§ý)ý"ñ!Rð©ò.ﬃü+/ô0Bð©ò71H;ö4# ö÷hñ*;ö;ü`ò7!
ñ*Ñð0÷»÷0ö­òï0ð¥ñF0ðuö­òï+!
ðvñ÷hð©÷c÷©ü13þﬃUlñ*!R(÷UÁö4þwðO/*f
Ñð©ò'()ðO((`ö÷"2ñXòï§ð9,ﬀ!
üXõkþ"ð÷=1;>(1'ï+;öüXò÷0ö4Ñð©÷ö­òlþ"ðeV³ü!"þBßm[&þ"ð¿ñﬃ;!ﬀ1 ý'#öòï!RðRñ÷dðöò
8»î9g÷©ü13þüR,s¦`¨
@
VIö÷!Rð"#Nñ*ÑðO(m2üzñ»÷ﬀ1(5(ð©ò¶ö­òï+!
ðvñ÷hð#üR,!Rð"#Nñ*;ö4<Xð#ÛôTü*#n(PYﬂü13þP8^)#NñXò.;öï
o
ð©ò
)!ñ#pAﬀñ*Ñð!ïvüXò.Ñðhò.p6ä#ø/è`zøÒ÷hßﬁ6
BÙÙq
:>:`ß
BC#r1%ð3ïhö4!
ï#=ð0÷C()ð©òﬂü*Ñð,õuü+()ð"#=ðO(s8cî9
,hü!s!Rð),dð"!Rð©òï0ðdß
	
−20 −10 0 10 20
50
100
150
200
250
300
D
ep
th
   
[m
]
OUR   [mmol/m3/a]
Modeled OUR      
OUR derived from age tracer 
OUR derived from drifter age
<D

wxr§Ê~ ¨¡ &wü+(ð"#=ðO(Hü+/`ô+0ðhò13;öN# ö­÷©ñ*;öüXòt6§î9Q p:j;©ôu!Rð©õ»ö­ò/ð"!
ñ#Ûö­÷©ñ5;ö;üXòñXò'(±î9G xð0÷ﬀf
;öõcñ5ÑðO(v;©ô±ñ§ýý
# ôXö­òS0wþ"ðwõ¥ðþBüF(7üR,Iã;û4:ûjùx6
Øﬃc`* 
:w2üõuü+(ð"#³ü13Ûý
13d1B÷§öò?0w)Ulü
(Xö y3ð"!Rð©ò
zºï#Nüdï"D ÷ﬃ{©ß
1 2 3 4
26.52
26.62
  75oW   60oW   45oW   30oW   15oW    0o  
  18oN 
  24oN 
  30oN 
  36oN 
  42oN 
  48oN 
<D

wxrY§Ê~¥­>¡3óL!§ö ,=Ñð!|)!
ñR}dðRï+2ü*!§ö2ð0÷8ïvñ#Nï1H#Nñ*ÑðO(g;RñïD~Ulñ!-(÷röòb;ö­õ¥ðdßS8]!";ö ïdö;ñ*#S(!0ö ,"Ñð"!§÷|Uð!
ð
()ðºý
#ü`ôð>(¶ö­òþ"ðTõuü+()ð#üXò!Rð0÷2ý'ðRï+;ö4<XðTö­÷©ü0ýôïhòñ#Û÷62þ"ð"!Rð?ñXòÒðO/ñXõ,ý
#NðM,hü!LJ
K»>ﬂ¦9¤S¥¤9¦~:
UÁö)þ)ö­òXþðm6N0*!Rð©ô=:gBð2ñj[!§öñXò?05#Nð	ßM[&þ"ðg;öõ¥ðö4|2üdüDþð©õW2üP!RðRñ)ï©þþ"ð³÷=1H!N,hñï§ðõ»ö%/ð>(
#NñXô)ð"!8ö­÷_(ð©òü*Ñð>(b;©ôLþð,ï§ü#Nü!r÷©ï§ñ#=ðüR,Iþ"ðC!
ð©÷2ýðvï+;ö4<Xð])!
ñR}dðRï+2ü*!§ôuð©ò
(rý"üXöò.÷öòþð_B3ð+2ñ
[!§öñXò?05#Nð`!Rði0ö;üXò6a1"ò'ö4÷ñ*!
ð#ô)ðvñ!v÷:Xß\ 8ðO(2(ü5÷g()ð©òﬂü*Ñðgþ"ð8ý"ü÷0ö4;öüXò÷gULþ"ð"!Rð9þ"ð9(*!§ö ,=Ñð!v÷
!RðRñïhþ"ðO(Lþ"ðZõ»ön/BðO(]#NñXô)ð"!hß&îpò.#Ûô
ﬁd
ÙS
üR,pñ#N#H(!0ö ,"Ñð"!§÷p()ðºý
#ü`ôð>(!RðRñïhþ"ðO(Lþ"ð÷=1S!4,hñï§ðZò/ðRñ!
þ"ð,ü132ï!
ü§ý#ý"ü÷§ö);öüXò÷Lý
!
ü§ý"ü÷dðO(b;hô^þðï+#Ûöõuñ*2ü#NüO0`ö2ð0÷,üR,âÁ&øﬂGjùs÷hûhü¶1ú/.&'6
Øﬃc5cq
:
ñXò
(HâÁ3:øﬂGjùT;ø÷?ßﬁ]6
Ø5cﬃcq
:6Ł;#ñ)ï"DFE_#Nñﬃ;vð#Nð>(ï§üXò.2ü1H!§÷a:`ßL[&þ"ðb!
ðhõcñ`ö­ò'öò?0L,ﬀ!
ñïF;ö;üXò±üR,
(!0ö ,"Ñð"!§÷`()ðºý
#ü`ôð>((Xö)(¥òü*|!RðRñïhþ2þðﬃ÷=1H!N,hñï§ð³õ»ö%/ðO(P#NñXô)ð"!sUÁö)þ)öòõuü!RðgþBñXò
BÙ
ô)ðRñ!§÷©ß
[&þ"ðhöN!pýñ*þﬃUlñXô÷uñ!
ðcð>/ðhõý'#ñ!0ö4#ÛöôZ()ð©òü5ÑðO(Z;©ô;"#1'ðL# ö­ò/ð0÷©ß
Ø`*
 <6
>15
  48oW   40oW   32oW   24oW   16oW 
  12oN 
  18oN 
  24oN 
  30oN 
  36oN 
<D

wxrØ§Ê~¥¤>¡&wüF()ð"#=ðO(ïvü`òï§ðhò.)!ñ5;ö;üXò±üR,uñXòñ!";ö ïdö;ñ*#)!ñï0ð"!e6ºñ!+;©ö))!ñ!0ôe1"ò'ö)÷a:üXòuJg>
¦9¤S¥¤9¦ñR,"Ñð"!
Fq
ô)ðRñ*!v÷ﬃüR,öò.Ñði05!ñ5;ö;üXòﬂßp[&þ"ð)!ñï0ð"!^Ulñ÷3ï§üXò.;öò1'ü1B÷ﬀ# ôd!
ð#Nðvñ÷hð>(uñ*þ"ð3÷§ö)Ñð
õuñ!ﬀD`ðO(sUÁö4þ»ñs;"#Nñï"Dﬃï!
ü÷v÷÷§ö))1ñ5ÑðO(÷hü13þ#üR,pþ"ð
o
ñ§ý%ð"!-()ð TQ!ü`ò.2ñ#H:üXòﬂð_ULþ"ð"!RðpY/ü13þ
8^)#NñXò.;öï
o
ð©ò.)!
ñ#gAﬀñ*Ñð"!zïvüXò.Ñðhò.3ö÷cþön0`þBß 8pýý"ñ!Rð©ò.)# ôEðhò.)!
ñXö­ò%õuðhò.,=!üXõþ"ðdVü!"þ
ý
!
ü<	ö()ð©÷#ñXòð)y3ðvï+;ö4<Xðrý"ñ*þ?UlñXôﬀüR,YH8
o
Aöò.2ümþ"ðm6Ł;#ñïD>:gBð2ñj[!§öñXò?05#NðL 8ði0ö;üXòﬂß
 ð
å 
ðYî ¹ ç± 
ý#/$%bé'ä?ﬁÜﬁ;éå?ﬁÜùh;ßéý?ﬁöIû:9&G?øﬂléÊö ﬁ%13úﬂ$%45'béTﬁ%6r­''G:, 'øLé
EÓﬁGú& vù9y¥ﬁ&ã÷$Gú: ?Æ@¦W§9§9§Ê¡O{x¿}7»È;Łruw 

  »rzyx{xÃ>{BàØ{»}É{xŁr;}7}97u9
È

¿ÈÒyÒ{xŁr}ÊÜrz9y~lû#Nüﬃ;Rñ*#QBöüO0ðvüdï©þ"ðhõuß
o
ôï#=ð0÷ Æ%ùhÆÈ?~z¦"z¬Fz¦9¢W§Ê~
13ú$45'béö ﬁLﬁ9y;euﬁêzﬁ6rû:9_Æ%z¬9¬9á>¡Áû!Rðvð©ò'þBü1B÷hð]1ﬃ>#Nð©÷ ~@¦Wy;rz~%S?9¿}7y@{ÖÀ
ª}7Łruwx{BàÒßSWwx{xŁ¼ª;»ruwxÃWW{»}9wxàJ}9t

}7

;»!y;Ã9ruwx{Bà¡|D9x9rzuÆÕCÉ~
+ú?û459&?øLé8EÓﬁÜﬁ;é35ﬁ8âb3&vøGMùl9yxuﬁ6³ﬁ1úﬂ.&'DÆZz¬9¬`¨¡D}9w!Ürz9yQO{x9
z¬9¬`¨~Îe}7

¿r¥W¡Õ

{»w rzyL{xz~Õ}79W{x9yrzx;ﬃWÆ;ÕsªÙÆ;I9xŁy9{»}7yVÉ~

~
+,÷-ß)'.ébuﬁÆ»z¬9¬9­>¡×6Ür!W9ré{»ruwxwxrz»{»w 9uWwG}7yŁ;9y9rz¼wxruÃÊx{»rz~zû#ü?;Rñ#sBö;üf
0BðRüdïhþ"ð©õuß
o
ôï+#Nð©÷ Æ.Æ;Èh~;¢`+>¢9á9¬>~
ü&;ß¶å#vú&9ÑúléÁ6ﬁMý?ﬁh9yH+»ﬁ5EÓﬁ5ä#Gh÷øﬂÆ¦W§9§7¦>¡qsrzxÈ;wW{x}7yy{xŁrªÈ rzyÒÜrz9y~
Vñ*)1H!
ðuÆ%ù' .	ÆÈ?~;¢W¬F>¢9á`¨~
ä#ø/è`&élêzﬁe9y4ýzﬁpë¿ù	$hßù9Æ;

Ò~G¦W§9§W¨7Ê¡hÔV}>rzyJW;}9{xÙÈwx}Ê

Ü{x}7yÄ}9tSWÈÀ
È;WwrzyL{}zÅÊà@9rzy

{xxW{x}7yÒyl{xŁrÙ}79}9{»wx}9È;Ł

{»wx}9È;u9hÕ}9w{xŁVO{x9y@{xW~Zî8ï§ðRñ`ò
ó³ôXòñXõ»öï©÷ ~
ä#ø/è`&é:êzﬁj9yýzﬁbë¿ù $hß)­ùWÆÊ

;l~¦W§9§W¨9?¡GÝ>ruÈ ruwW{xyØÈ;Ł@àÊxu9à.9y;}9{xu9à
rÜÂ rzÜ{»rzÄ9wxÀk»rzÉÞ

Å}9te

yJ{xŁr¸Õ}9wx{xŁÒO{x9y@{xW~;ªyrz9»à.{x9x«3b"ü*1S!0òñ#&ü-,¥ûðRüf
ý%þô ÷0ö;ï§ñ# ð0÷hðvñ!
ï©þL~
ä#ø/è`&écêTﬁ;é¿ý?ﬁTë¿ù $hß)­ùé9yÊ6³ﬁuìí÷?ß)'DÆ¦W§9§W¨¡ª×6y@{»ruwy9Àd½Í[Ã9rÜÀky

Ürz 9y
}

;rÜÀk Â

xÃ9r'y

{»wrzy@{²Þ

Å>rz{»}Ó{xŁrþy

{»wrzy@{ÖÀkÜ}7y

y,

wxtv9Ürþ[à9ruw-y
{xŁrÄ}79}9{»wx}9È;Ł;

{»wx}9Èu9OÕ}9wx{xŁ0O{x9y@{xW~³î8ï§ðvñXòÒó³ôòﬂñXõ»ö;ïh÷ ÆZø'ùõ	 Æ_È?~S}7f¡
u§Ê~=u§9§)`Ú`du§7¦9¢9¤F@§9§@¢F>§9§L¤W§>¬>~
ä#Gh÷øﬂ&éﬂ+»ﬁEÓﬁ9y;ﬀLﬁý³9&GjùzøﬂdÆ'z¬9¬9á>¡

Łr



ÌO99yÜr]}9t!ªyÈw}>

Ü{xÃ9rÍªÏ

W{x
ßYÜ}7»à>x{»rzu~QYﬂïdöðhòï§ðuÆ' ¡£¢ÆÈ?~;¦9¢`¨>¦9¢9¤>~
ÜrÝ%Ýß).Zé£¥ﬁjö ﬁ?9y1»ﬁLãﬁ56r;øﬂ'?ùbúhû_Æﬂz¬W¬>¡;|DWwx{x

W{»r}9wx79yW{»{»ruw]Þ

Å9y
È;9y«@{»}7y;yru½-Èwx}Ê

Ü{x}7yJy{xŁrÙruruÈl}ÊÜrz9y~'Vñ*)1H!RðÜÆ' .¡
  ÆÈh~;¤`+>¤9áW§Ê~
ã;û4:ûjùéhö ﬁ5ã&ﬁÆ/z¬9á9¦>¡ÅÊà@9rzy

{xxW{x}7ywW{»rzy{xŁr¸Õ}9wx{xŁÒO{x9y@{x¸

;{»wx}9È;u9
9à>wxrÙ9yÈ;wWwxà.Èwx}Ê

Ü{x}7yy}79}9{»wx}9È;Ł»à>x{»rzu~
Vñ*)1H!
ðuÆ
.	
	Æ;È?~;¦`¨L¤F>¦`¨Lá>~
âÁ&øﬂGjù)ébLﬁD9y7uﬁ6ﬁl1úﬂ.:'DÆ&z¬9¬`¨¡ }9wÜrz9y¼O{x9#z¬9¬`¨~GÎe}7

¿rÉ¨¡

rzØÀ
È ruwW{

wr9~Õ}79.W{x9syrzx;O¨Æ;ÕsªÙÆ;I9xŁy9{»}7yVÉ~

~
BÙ
âÁ&øﬂGjù)é35ﬁ;éI¥ﬁ313G9;ø øÚ9yvuﬁ36ﬁ1úﬂ.:'DÆZz¬9¬`¨¡D}9w!Ürz9y4O{x9z¬9¬`¨~
Îe}7

¿rÙ¢>¡GÝÊ9y{kà9~Õ}79W{x9yrzxO¢>ÆÕÆ;I9Ły9{»}7ylÉ~

~
âÁ'-¥vù)éEÓﬁTﬁ;é:å?ﬁê÷Ñù[ú?ûlé'¤zﬁ:5ﬁ&ë¸÷45.éä?ﬁê' 'øÄ9yuﬁ&6]ß@÷ø ø?Æz¬9á9¤>¡
Îeruwx{xu9?y{»w W{»rÞ

ÅÊrz]y{xŁr¸}79}9{»wx}9È;Łª}ÊÜrz9y~GY/ïhö2ð©òï0ðÜÆ
 %ùhÆÈ?~;á`§~>áW¢>~
EHGhû4péö ﬁ9y+»ﬁöIGhûMù	$eÆ"z¬9¬9á>¡L>àÊxx9>wxrzuÈ rzM×x× ¡brzyruw9ru{xue}9t;{x9Ê9yÉ½y
ÅÊy~'ó»ð§ðý
fY/ðRñd 8ð©÷©ßÆ%ùﬂøÆÈh~z¬W¤F>¦W§9§7¬>~
ë¿ù $hß)­ùéý?ﬁéêzﬁä#­;øèXë9y 6³ﬁì í÷?ß)'DÆI¦W§9§7¢>¡éÝ9{ÖÀfây9ruw w Ã9rzy´rzyÊÀ
Ł9y;Ürz¿rzyL{V}9t

ÈÈ ruwÒ}ÊÜrz9yy

{»wrzyL{Ä

ÈÈ;à9~cûðvü§ý%þ)ô÷©ß9 8ð©÷©ßL:ð2ßÆ].	hÆÈh~ª}7f¡
u§Ê~=u§7¦9¬ÚW¦W§9§7¢7Û^j§zá7­9­7¦>~
;ßé,ä?ﬁ;éM¥	ﬁå?ﬁÜ]û?øﬂû59léêzﬁ,ê'­÷hûhûéCuﬁEÓﬁ,âﬁöI;9hß.é3ä?ﬁ]Ù÷".?ûh÷/GhüZé
ä?ﬁÊýÉß=&ùO9yPzﬁ%­9;û?øﬂh÷hß)%DÆ[¦W§9§W¡öò
o
# ö­õuñ*Ñð
o
þBñXò?0Bð
Ø5c5c+q
6ºð>(ßH¦³ü150`þ?2üXò3E
ßŁ[Lß§:b~

9Ùw 9r!ªyÃG~Ê|Swxrzxu~
­9;û?øﬂh÷hß)%bézﬁM9ygãﬁÁâﬁbG÷­û?øú_Æz¬9¬9¢>¡ O{x}7»È;Łruw¸uWwx }7yl}[ÅÊr¸y
{xŁr}ÊÜrz9y~QV³ñ*)1H!RðÜÆ

¨øÆÈh~`z¬Fz¦9­>~
;9&÷hûléLä?ﬁ5EÓﬁj9ywÜﬁDý?ﬁL1úﬂ.?ß)hÆ¦W§9§9§Ê¡Û9u9Ú`yL{»ruw79u9 ÃWWwW{x}7y]yÒW{x¿}WÀ
»ÈŁruwuWwx }7yl}zÅr9~.V³ñ5)1S!RðÜÆù
	©GÆÈh~;á9­9¬F>á9¤9¬>~
Gøú:,,ßéêTﬁS9yªﬁr$%Mú?ø øjÆ:z¬`@¡

Łr¿ÌÍru{xVÝ>È;w 9?9y¼{xŁrru{»ruwyW{x}7yV}9t
{xŁr¿W;x}7

{»rØÃ9rz}Êu{kàVâ;rzVtw}7*ŁLàÊwx}99wWÈŁÉ»{xW{x}7yW{xÊ~:ó»ðvðºý
fY/ðRñm 8ð0÷dðRñ!
ï©þLÆ
 'ùhÆÈh~;¢9¦9­F>¢9¦9¬>~
ö!÷øù[ú?ûléITﬁIuﬁs9y;Óä?ﬁ3â8ﬁýÉßB %vøGøú?ûeÆM¦W§9§W¡
o
# öõcñ5Ñðï©þ"ñXò?0ð
BÙÙØ
$CY%ôXò.þ"ð0÷0ö÷
!Rðý"ü*!=Ñ~

9w9r*Õru½l_}9wx«G¡

9w9r!y;Ã9ruwx{Bà.|Swxrzxu~
öIßLß)÷&ùél6³ﬁãﬁZâ8ﬁZ1»ﬁÆÁz¬9¬9á>¡

ŁrÉÌO99y;Ür¿}9tY|S9y«@{»}7y¼qrz»È;wW{x}7yV9y¼|YŁ}9{»}WÀ
»àÊy@{xŁrzx]y{xŁrÉªÈ rzyÄÜrz9yu~V³ñ*)1H!RðÜÆ

'ù?ÆÈh~;­9­F>­@~
 	
 
ﬀﬂﬁﬃ 

 ﬀ!"#$ﬀ&%%'ﬀ()* + %#	,ﬂ-( 	
+. +&/"0ﬁ+ﬂ()ﬀ1 ﬀ2 (3	%)
	ﬁﬃ
#
'4  & +. ﬀ562 7ﬀ8.9ﬁ
(3!:+7ﬀ8;6ﬁ"
 < ﬀ'. =>+#
76ﬁ
?A@CBDFEHGJI&ELKMN@$OPJQSRTUDFE&PVLWXYZ@[:\VLRT]E&^&K`_baLabc
YedgfCTUDFPhRgEX+DUWOQHE9VLW	B5igWCVbj"DUQkP
 
	
ﬀﬂﬁﬃ! "$#
%&'(
)+*,.-/0213 465798
:
;=<?>@<?A BC<?DEFCGIHKJ?L?J@MONPJ@Q2RCSCSCRITCUWV?V@X?YPZX?[\]C^`_?acbPdWeCfCfg
hjilkcmonqpcrCs?motvuws?mox yCrIzC{C{C|
}~$l$Ł9
$=$
9 
¡ ¢£$¤£$¥¦
¢ §¨ª©
«¬­$®­
¯°
±²°³´¶µ·l¸¹º»¼½
¾À¿ÁÃÂ Ä9Å ÆÄ9ÇÈÉÉ9ÊËÌ
Í2ÌÎ
ÏÐ
ÑÓÒ
ÔÕ$Ö × Ø¶ÙÚÛ ÜÝ$Þ
ß9à áâãlã$âäæåçlèéëêìí$îï
ðñ$ò
óô9ïöõ÷ø ù
ú ûüýþß 	
		
ﬀﬁﬂﬃ !#"$&%('*),+-	./1023546	784 9;:<=>	?A@B;@CEDFHG	I1JKLAM
NOPQRSUTV	WXYZT	[]\A^__	`acbdfeg hikjlfmnoqpﬀrtsuv	w#xy{z(|*}~	
ŁAAA	E;	 ¡¢1£¤¥¦	£§¨ª©«;¬­®¯°ª±²
³´µ	µ¶·(¸¹»º¼	½H¾	¿¿ÀÁÂÃªÄÅtÆ»Ç	ÈÊÉË	ÌÍË	ÎÏÐÑÓÒ;ÔÕÔÖ	×ÊØÙÚÛÛÜÝ
Þß;àá	âãåä	æçè	éëêì	íîê;ïðñtòóñôAóåõö÷øù	õútûütýþß 	

	ﬀﬂﬁﬃ	ﬁ !#"$#%&(')*(%,+ﬂ-	./#021(34	5768#9:;<=>?A@BCD#EF@CG
H	I	JK#H	L	JNMPOQ	RSUTWVX	Y#Z	[]\^_	`abdce(f#ghi2j(kWlmnop	q#psrtu]vwPxyz	x
{(|}	~2(		dŁ]			
U#( ]¡¢£	¤¥§¦¨©ª«¬N­¯®°±²³´µ#²¶	·U¸º¹	»	¼½§¾	¿ÀÂÁÃ	Ä(Å
ÆÇÈsÉÊË(Ç,Ì	ÍÏÎÐÑÒÐNÓÔ2Õ(Ö	×Ø(ÙsÚÛ	ÜÝºÞ#ßàásâ#ã	ä2åæPç	èèéê#ëìíîWïðPñòóô	ô
õöø÷	ù	÷súüû	ýþºß 	
ﬀﬂﬁﬃ! #"%$ﬃ&')(*+),-')&.#/013245
678:9);#<%6=>?%@AB)CDﬂEFGIH)JK)L:MN%OQP#RST%UWVXIY!Z[#\^]_`a%b)cde3f#gWhﬂij)k
lmnoqprs%tuvwyxz#{x}|~q))}Ł)Qq) 
¡#¢£¤¥%¦§©¨ª«)¬ª­®%¯°±%²´³µ¶#··¸´¹º»#¼½%¾¿¿ÀÁ	Â!ÃÄ!ÅÆ#ÇÈÊÉËÌÎÍÏÐÑÒ%Ó
ÔﬂÕÖ×ØÙÚÛ%ÜÞÝßàáâ)ã%äåçæ#èéêèë!æ#ë)ìí%è}îïðòñóñ%ôÞõöç÷øøùúùûü÷þý
ß 
	ﬀﬂﬁﬃ
 "!#"$&%'ﬂ%)(*"+
,.-/)0
11243"56ﬂ3"789:
;<=>
?
@AB"CEDF"GEH"IJKL
IM"NOPRQSTVUWX&Y"Z\[]^`_a
ab"cd"efg\hi"jk
lnmopqsrtuvxwyz{|z}~"""VŁ

"
"&V" ¡¢
£¤¥§¦¨¦©«ª­¬®°¯«±s²ﬂ³"´¶µ¸·º¹¼»½¾À¿¶Á
ÂÃÃÄ
ÅÆÂÇÈ"É&Ç"ÊÌËÍÏÎ«ÐnÑÒﬀÓÔ
Õ¸ÖØ×­ÙÚ"ÛÜ
ÝßÞàáâãä
åæﬂçRèêéëVìRíïîð"ñò"ðóô
õ"ö÷"øùûúüýþ&ß 	

ﬁﬀﬃﬂﬀ !#"$&%'()+*-,.ﬃ/013246587:9;<=>?@A
BDCEF:GHIJLK-MNOﬃP+QSRTVUWXYZ[\WUD]_^`a+bVcdefﬁgﬃh+deji
k-lmn_o+pqrstvuwsyxz|{}~
-Ł
- ¡-¢£D¤¥¦D§¨©ª_«¬v­®°¯±ﬃ²³´µ¶D·-¸¹¹º»V¼½¾¿
ÀÁÂÃÄÅﬃÆÇÈÉ-ÊËﬁÌÍÎÐÏ+Ñ|ÒÓÕÔÖ×ØÙ+ÚÛÜÜ+ÝßÞàáâãäﬃåæç-èéêëìíÕîïðñ
òóô-õö÷+øùûúüýþß 	
	ﬁﬀﬂﬃ !"	#	$&%	')(+*-,.0/1
23	3
46578:9;
<=	>6?:@A	BDCE	FGHI6J6KﬁL:MONPQOROST6UV	W0X6YDZ[
\]_^ﬁ`abcdegfih	j
k	lmnopq
r6stu	v_wxy	z
{}|~
~	6}}			Ł0		6:i
_

		_ ﬁ¡£¢¤	¥§¦	¨©
ª	««­¬ﬁ®¯°±³²6´µ¶
·¹¸º	»
¼i½¾	¿
ÀÁÂÃ£Ä_Å
ÆÇÈ
ÉËÊÌ6Í0Î	ÏÐ6ÑÓÒÔOÕ6Ö×ÙØ-ÚiÛÝÜÞàß0áâãä
âäæåçæèéêìëíîïÓðñò
ó
ôõàö÷	øøùﬁú
ûü	ý
þ	ß 	
ﬁﬀﬂﬃ 	!"$#%&'(*),+.-0/21436587
9$:;	<=?>	@ABADCE.FGHJILKBMN$O	PRQTSUV?WYXZ[\]^_^`bacdfe	g
hYiRj.kl.mRnYopqsrutbvwxy{z|}~RRŁ$R	s.BR
B$	R¡ $¢	£¢	¤?¥$¦§¨©Bª«R¬­®¯±°R²³´µ$¶¸·¹$º»¼½R¾	¿BºÀÁ	ÂYÃÃÄÅRÆ
ÇÈÉËÊÍÌRÎ	ÌÐÏÒÑ$ÓÔÖÕb×Ø×fÙ	Ú¸Û	ÜÒÝÞàßáuâã,äæåçèRéêëì	íîïðòñóôËõRö$÷	øù
úûü	ýÐþ ß
	

	ﬁﬀﬂﬃﬃ "!#$"%&('*),+-/.0213
4576(89;:=<>@?BACEDGFHIJEKMLNPO2Q/RTSUEVUEWXYXZ[]\_^`badcfeghi_jk/l]mn
opqEr(sPtuwvyxz2{|}~/ME*ŁM(/ ¡
¢£¤¦¥E§¨©ª2«7¬/­2®¯(°±²³¦´µ7¶E·/¸¹º¸»¼¾½/¿ÀÁÂÃ
ÄÅ/ÆÅEÇÈ]É@ÊËEÌÍÎÏÍPÐÑÒPÓÔÕÖ×ØØ×Ù2Ú/ÛÜÞÝßàáEâ2ãEäåæç/èdé/ê]ëíìî
ï/ðñòóôõEöõw÷øù]úûüýþß 	
ﬀﬂﬁﬃ ﬂ!"#%$'&)(+*-,./
0ﬀ12354768:9';<7='>@?:ABCDEFﬂG'HIEKJﬀL'MNOPJQR'STUVW'XﬀYZ\[U^]_`abcﬂ]
de'fg5h@i'jkl:mn)oqpﬀro'sut'vxwzy{\|}'~)%ﬀﬀ)ﬂ^ŁﬀK'ﬀ
'+ﬀ ¡¢£¤)¥§¦¨ﬂ©ª«¬)­'¬®¯°'±²'³´µ¶·¸¹ﬀº¼»½¼¾¿ÀÁÂÃÄ
Å+ÆÇ'Ç'ÈÉËÊÌÍÊÏÎÐÏÑÓÒ'ÔÕÖﬀÖﬀ×Ø)ÙÚﬂÛÏÜÝÞßàá)âäãåæçèéêìëíﬂîﬀíﬂïð'ñ'íﬂî
òóôöõ÷ùø+úKûýü'þ ß

	ﬀﬁﬂﬃ! #"
$%'&#()ﬀ*),+-#.0/#1
23453687ﬂ9#:<;#=#>?
@A;BDCE#FHGIJKLMHN#OP
QRﬀST#UQSVW#XZY[#\
]^_a`b'cde
b'fhgi#jkﬀl'minpoqrts#utvwxzyw{'|}~zŁ
#ﬀ#p ¡¢£¤#¥¦§#¨z©ª'«¬ﬀ­®¯°
±²³#´¶µ#·¸¹ﬀº»¼½
¾¿ﬀÀÁ#Â
ÃÄ#Å
ÆÇÈÉÊ#ËÌÍÎﬀÏÎÑÐÒÓ#ÔÕÖﬀ×ÕﬂØaÙﬀÚ#ÛÛÜÝßÞàâáã#äaåﬀæçﬀèﬂéêëíì'îﬀï
ðñﬀòóðô#õ÷öøúùüûíýþß 	
ﬀﬂﬁﬃ	 ﬀ!"#%$"&	')(*)+-,/.10324
56879:ﬀ;<=>?@BA1CDEFHGIJLKMNPO)QLRS)SUTV)WYX)Z\[	]U^_a`\bcd1ef)gih)j
kml)n	oqprtsu	vqw	xyzx1{|~}	P%~)	ﬀ%Ł	/1	)1	m)
)) ¢¡)£¤¥¦¨§1©	ª1«¬­q®)¯°±³²	´)µ¶·¸	¹ºU»¼½¾¿)¾ÀÁqÂ	ÃÄ)Å	ÆÇ1ÈÊÉËÌÍÎ)Ï	Ð
ÑÒÓ%ÔÕ	Ñ×Ö1ØÙ)ÚÜÛ)Ý¢Þßà)á1Þ~âã)äå1æã	çﬀèié3êëì1í~î1ïð1ñòî1óõô)ö×÷3øù	úõûü)ý
þß 	

ﬀﬂﬁﬃ! "#%$'&()*,+.-/-ﬂ012
3546879:;ﬂ<=?>@ACBDEFG?HIKJﬂLMNO%NQP%RKSTVUWXY%Z[]\_^`ab%cedfg
hijhkﬂlﬂmnpoqrstpu%vwxy%z{|}~%VŁ%5
%% ¢¡£¤¥¦§¨¡©ﬂªp«¬­®¯±°²³´µ³¶·¸º¹»ﬂ¼%½¹¾¿ÁÀÂÁÃ%ÄÅÆÇÈ
ÉËÊÍÌÎÎÏÐÑ5ÒÓpÔÕ%Ö×ØÙÚÜÛÝÛÞßàáâãpäåæçèèéêëìpíîïðñòóôõö÷ﬂøù
úû]üýþß 	
ﬀﬂﬁﬁﬃ! ﬁ"$#&%(')+*!,-!./(01&23(4526
7+8(9&7+:;<>=?&@AﬂBCEDFGHFJILK(MN(OQPLR(ST(UV$WXYZ+[Z\^]`_abdcef>ghi+j
klmno(p&qrqstvuwyx&z{|}x~{(y&&&Łv$&$(&vﬂ
(E&( ¡¢v£¤¦¥§¨&¨©ª+¥¥ª«­¬&®>¯°±²³¯´(µ·¶¸¹º(»v¼½!¾&¿&ÀÁÃÂLÄ(ÅÆ(Ç
È(ÉÊ ËÌÍÎÏÐÑ(ÒÓÔvÑ(ÕÖ×ØÙÚ&ÛÜÖ+Ú ÝÞßàÞáãâäåâçæèêé(ëì!íëîïí
ðLñ(ñ(ò(ó`ôöõv÷&øù÷ûú(üýßþ 
	
ﬀ
ﬁﬂﬃ ﬀ!"#$%&'(%)*
+-,/.1032547638:93;7< =1>@?BA3C3C3D3EGFIHJLKIM3N
OQPSRQTIUV TIU3U3W3XBYZTIU3[\I]3^BU3U\I^
U3U3]_U3^
`
acb/dfehg:ihdfjlkhm bSno:p q
r:sZt_uvw3xhy/z {fy/|h{@}@~:  
Ql1ŁB153_-f/hl 173Q 1:  /¡
¢f£h¤f¥B¦ ¥B§h¥c¨
© ª«@¬®­1­/¯f­/°f±h²:³h´:­µ¶Q·l¸1¹
º1»B¼7½3¾ ¿À Á:Âh¾lº1ÃBÄ1ºÆÅ¾ ÇB¼ÉÈ Ê:Ëh¾ »BÌh¾lº1¿È Âhº
ÍÏÎÐÑÒÓÔBÕÖ×ØÚÙ ÛÜÞÝßß àáÝâãåä
æèçé êìë íîï ðñ
òóôõö
÷ øúù û
üýþ
ß 

	

ﬀﬁﬃﬂ 
!"#%$&'()$'&*,+ﬃ-)./%01%2
3ﬃ2
4567
8:9<;ﬃ=>@?BA CDEGF)HJIKBLNMPORQSQTVUWXY
Z[]\^_
`_baBc<deGfgh
i)j%klm nop
q rtsu vxwy%u zuB{uB|
}~ 
Łﬃ 
%
JB@% b¡
¢£¤¥)£,¦§¨ﬃ©ª«¬ ­®°¯±³²´
µ´
¶²·B¸¹»º¼¾½À¿Á
Â¿Á
ÃÅÄÆÇ³ÈÉÊË%Ì
Í³ÎÏ
ÐÑÒ%Ó)Ô%ÕÓÖ×ØÙÚØÛBÜ
ÝÞ
ßÅàÀáâãäåBæçèé°êë)ì%í îê³ïðñ òóô
õ%ö÷øúùüûýþ
ß 

	ﬀﬂﬁﬃﬁ! """#$%'&()+*,(-.0/2134576789ﬂ:8
;<=?>@+A
BﬃCﬂDEFC+GH?IJKﬃLNMMOQPﬃRSUTV+WXYZﬃ[\]'^`_acb+deﬃfgdhi+jﬃkNlmnj
oﬂpqrst'uwvﬃxy
z{|+}~}wﬂŁﬂ+ﬂ+ﬃﬂ ¡
¢£¥¤ﬃ¦§©¨2ª«¬­N®ﬃ¯±°ﬃ²³©´2µ¶·¸º¹ﬃ»2¼½
¾ﬃ¿ÁÀÂﬃÃ+ÄÅÆﬃÇ+ÈÊÉËÌﬂËÍÎÏ
ÐÑÒÓÔÕ+Öﬀ×ØÙﬃÚÜÛ2ÝﬂÞßàá
âﬃãäåâçæèé±êëìﬃëîí7ïðòñóôõöø÷ùﬃúûùÜü7ýøþﬃß
 	
	ﬁﬀﬃﬂ !	"# $%&('	)*	+,-./021	3465789;:
<	=>=?A@	BCEDFﬁGHIJLKMONPQSRTTVUWOXYZ\[^]]A_`aObOcAdeﬁfghjiklEmnop
qsrttvuxw^yyAyzv{|}ﬁ~ssŁﬁﬃﬁ ﬃ¡s¢£
¤¥	¦§¨©ﬃªj«¬V­®¯°	±²³µ´A¶·¹¸sº»¼	½¾	¿¼ﬁÀÁÂÃÄ	ÅÆ6ÇÈÉÊË	Ë	ÊÌ¹ÍÎÏvÐÑ	ÎÒÎÓ
ÔÕÖ×ÙØÚÛÙÜ	ÝÞßàáâäãåæçèêéOëì\í	îï	ðñòóSôõÙö÷ùøúûüùýþß 
	

ﬀﬁﬂﬃﬀ! 
"#%$
&'ﬃ()*+
,.-/-01%2
345
678:9ﬃ;<8:=>
?@ABC:@EDFHGIﬃJJLK:MNOﬃPQRﬃMESTVUW
XZY[\
]
^ﬃ_`aﬃbdce
fghﬃijEkﬃlHmn
oqpn
rstvuwxﬃyzw|{
}ﬃ~qŁ
E
qVﬃﬃV

v ¡
¢£¤¥q¦§¨:©ªq«¬ﬃ©§®­
¯±°
²³´
µq¶·°¸º¹¼»½:¾q¿ﬃÀÂÁÃÄﬃÅÆÈÇ
ÉÊËﬃÌ
Í:Î®ÏÐÑ
ÒÓÔﬃÕ
Ö×
ØÙÚﬃÛÝÜﬃÞßàáâqãäæåqçéèëêìí
îïðñíóòôöõ÷
øvù:úﬃûqüýüþ ß	

ﬁﬀﬂﬃ "!$#$%%'&)(*$+$,-
.	/102436578494:$;'<>=?@A=4BCDEGF$H$IDKJ$LM1N	O$PQRTS4UV$WXYZ>U["\]^`_
ab>ced4fbhg$iji>klnm$oprqst$u>vwyxz{>|}~4$	4`Ł$4$Ł$4>
`$		4 ¡G¢¤£¥¦G§ﬁ¨©«ª­¬¯®±°³²´µ¶·¹¸º¹»¼4½¿¾¤À`ÁTÂ
Ã¤ÄÅ>Æ$ÇÈÉ>ÊÌËÍÎ$Ï>ÐÑ4ÒÔÓÕ×ÖØ	ÙÚØÜÛÝ×Þ$ßß	à`ß	ßÜáâãåä4æç$è>éêëﬁì4íîïð
ñò$ó	ò$ôõ`öT÷øù>ú`ûüý>þß 	
	ﬁﬀﬂ	ﬃ! "#ﬁ$&%(')+*,
-	./021345&6879;:=<>?@	AB;CDEGFH&IJ!K+LMONQPSRTRRU;VW;XYZ\[!]_^a`_b
cﬁdefhgij2k&imln8opTq&rﬁs2tTuuvwx!yz{\|=}&~=2ThŁ=8S!&
ﬁ2&ﬁ  ¡2¢¤£¥¦§©¨ª«¬­®ﬁ¯°±&²³´µ¶&·¹¸º¹»¼½¾¿ÀÁÂÄÃ©ÅÆ
Ç	ÈÉ!ÊË+ÌÍÌÎÐÏÑ2ÒÔÓÕÖ2×ÖØÖÙ	ÕÛÚÝÜ2Þßáàâãàäåæ	çèéêëìíîðïñ&òﬁóôõ&öT÷
øùúûﬁü2ý&øþß 
	
ﬁﬀﬂﬃ! #"%$&'()%'*+,-
./012345768:9;<=>
?@?A;
BDCFEHGJIKK#LMHNOPQARTSUVWX#YZ[\7]^
Y[`_abcd
efhg7i
j
kl%l%mnom
oqprtsvu
wyxz{|}}~
ŁF
%7
 ¡¢£¤¢A¡¥%¦T§¨7©ª«¬­®®7¯°%±²³´µ¶·¸¹º»¼F½¾¿
ÀÁÂJÃÄÅÇÆÈÉËÊ7ÌÍ
ÎÏÑÐÒÓFÔ
ÕﬁÖ×7ØÚÙ
ÛÜÝÞ
ßàáâÇãäåæèçéêëìíÑîï
ðñ7òFóôõAö%÷%øùËúûüAýþß 	

	ﬀﬂﬁﬃ "!#$%&(')+*,.-0/
10235467(8947	:;<>=?"@<>A5BCDEFGHIJLKNMNOPQSRUTVWXY+Z[+\]^_S`a
bc0dedfgih0jklm(no0pqﬂrSstuvw0xy
z{|}~0Ł000S ¡¢0£0¤¥¦§¨(©.ª«
¬0­®¯°±²´³µ¶¸·¹º»¼½¿¾0ÀÂÁÃÄÅÆ´Ç0ÈÉËÊÌÍÎÏÐÑÒ¿ÓÔÕÖ×ØÙSÚÛÜ
ÝÞß0àÞâáãåäæçè0æéêëëìíîïîðñò0îóåôõö÷øùúûüýþ(ß 	

ﬀﬁﬃﬂ "!#$%&')(*+-,/.0124365798:;/<)=>?@BADCE-AF
GIH"JKJ
L	MNMPO6Q4R)QTSUVWXYZ\[^]_`abcedf^g9h^i"jk)l4monpqsrutvwyx)z
{|~}\ D^ŁŁ4 4 ¡¢4£y¤¥4¦	§
¨©9ªy«¬®­¯°
±	²³´µ-¶·¸¹º»D¼4½¾¿-ÀyÁÂÀy¼-ÃÅÄyÆÈÇÉÊIËÌÌÍ-ÎÐÏÑ-Ò-ÓÔÈÕuÖ-×ÖÙØ4ÚÜÛÝ
Þßyàáâãäåæèç	é-êë)ìí)î-ïñð6òyóôöõø÷ùDúûüý	þ ß

	
ﬀﬂﬁﬃ  "!$#&%('&)**+&,-/.0123ﬀ4&065798;:<>=?
@BADC>E
FGHIJKLNMOPQRTSUVW"XYZD[ﬀ\]^`_abdcef$gh$cNijkﬀkﬀl9monprqs&tuﬀv&w
xy$z&{ﬀ|}~&&$&&Ł&ﬀ&ﬀ>$&ﬀ ¡¢£¥¤¦&§¨©
ª«ﬀ¬­¯®&°®&±²´³µ¶ﬀ·¸¹>º»½¼&¾¿¼ÀÁÂ$Ã½Ä&ÅÆÇÈﬀÇÉÊ&ËÍÌÎÐÏÒÑÓ´ÔÕÖ×ØﬀÙ&ÚÛ
ÜoÝÞàßá"âã&äâåæçåèﬀéêìëíïîðñòòóôõ$ö÷¥øùúûü$ý&þﬀß 	
	
	ﬁﬀﬃﬂ
 "!ﬂ#%$'&
()
*+-,./01'2
.4356798':;<	='>?<	@ACB	D
E-F
GHJI
K
L	M"L	NL	MOPQRTS'UV"WXY
VU[Z'\]^_a`	bdcefg
hjiklTmn
oqpjrtsuv'w	vyxz{'z}|	~'Ł	'

	



 t¡
¢J£
¤	¥¦¢§©¨ª"«¬­¯®°
±²³	´µt¶
·¸
¹%º¼»
½¿¾JÀÀÁTÂÃCÄjÅ
Æ
ÇÉÈÊaËÍÌ'ÌÌÎÏ
ÐÑ
ÒÎÓ	ÔÕÔ"Ó	ÖØ×ÙÓ	ÚÛÝÜÞßàá	â
ßÞäãæåçè
é	êdëì
íïî	ð'ñ
òóô
î
õö÷ùøú	ú	ûüþýß 		

ﬁﬀﬃﬂ	ﬃ !	"#$	%'&	()*+	,ﬃ-
./0	1ﬃ/32	46578:9;ﬃ<	=>	?ﬁ@@ABﬁCEDﬁFGIHKJ3L	MﬃNOQPR3SﬃTﬁUV	WXY[Zﬃ\ﬁZ]Q^_`
abcdefgh[ij	kilnm	opﬃqﬁor:sut	v3wyxzﬃx{|}ﬁ~ﬃ'	Ł		ﬁﬃ
		uﬁﬃ	u¡ ¢6£ﬁ¤¥¦¨§ﬁ©ﬁªﬁ«¬®­°¯±²ﬁ³´	µ¶¸·ﬁ¹¹º	»·ﬁ¹¼
½[¾ﬁ¿ÁÀÃÂÅÄÇÆ®ÈÉÊËÍÌIÎÐÏÒÑﬁÓÔÖÕØ×ÅÙÛÚŁÜKÝÝÞßÍàIáãâåäæ	ç3èé:êëﬃìﬁêí
îﬁï	ðòñ	óô	õﬃñ	ó	öﬁ÷QøùØúûüýûþß 	
ﬀﬀﬁﬃﬂ	ﬂ	ﬀ 	!"$#!%'&(
)$*'+*),-.0/1243$5687ﬀ9;:ﬀ<	=>$?=@BACﬀDFEGHIGHJ'KMLONP'QSRUTVW
X$YﬀZ[\U[^]ﬀ_`UabdcfeUeUgﬀhi	jﬀkml$noﬀprq'sutﬀv'wx	y	z{	|ﬀ}	~'ﬀ'ﬀ
Łﬀ0ﬀB	ﬀ¡ ¢£ﬀ¤¥¦ﬀ§¨©$ª	«¦¬B­ﬀ®¯ﬀ°±'²³
´dµ'¶µ'·$µ^¸ﬀ¹'º¼»U½¾f¿$ÀﬀÁ½»U½'ÂÃÄÅﬀÆÈÇÉÊËÌﬀÍ	ÎÏÑÐrÒÓÔÖÕÑ×	ØÙﬀÚÛÜÝÞﬀÛß
à$áâ	ãäåﬀæUç^èé'êìëíïîðñﬀò$ófôõ÷öøﬀù$ú	ûﬀüýþﬀß 	

ﬀ	ﬁﬃﬂ !ﬀ"#$&%' %)(*,+.-,/10243ﬀ5)567&3ﬀ8,94:;	<,=>	?A@CBEDGFﬀFﬀHJILKMON
PLQ&R)STﬀUVXWYZ&[,\]&^_	`acbdﬀe	f	gh&iﬀj,flkmXnoqp,rsct,u)vOwx)y&zﬀ{,|y&x
}~ &ﬀŁﬀ&	, )&ﬀﬃC ¢¡ﬀ¡ﬀ£J¤¦¥,§¨
©,ª)« ¬ª)­&®¯,°±&²c³ ´)µﬀ¶&·¸&¹º ¹»¼,½¾A¿ÁÀÂÃÄlÅÆÈÇlÉÊËÍÌ&Î)Ï	ÎÐﬀÑﬀÒÓqÔ,ÕÖ
×)ØÙ ÚÛÜÈÝ	Þßàﬀáâﬀãälåçæè,é&êìëíîðïﬀñ&ñòññ&óô1õﬀö.÷ø&ù÷úûüýßþ 
	
ﬁﬀﬂﬃ! #"%$$&$')(+*,-.0/214336587:9;+<=>
?@BA	C@BDE&FGHIKJLMONQPRTSTUSTVW&XZYQ[\]^_B`aTb^cﬁde	fhgQgij)kTlmonpqn
rsBt	usBvw&xyz{}|~QTTTŁQŁŁQZQBTQ 
¡¢Q£¡¤¥¤&¦§T¨©ª«T¬­T®¯8°±²ﬁ³´µ¶T·¸¹·º¹»T¼Q½Z¾Q¿ÀÁTÂÃÄÆÅÇÆÈﬁÉÊ&ËQÌÎÍÐÏ
ÑÒÓÕÔÖ×ÙØÚÛÜÝÞàß	áß)âBãäåæçQèéêëTìTíﬁîïñðòQóôõ÷öBøùBúûüþý ß
	
		ﬀﬁﬃﬂ !#"%$	&'
(*) +-,/.0132ﬃ46587	9;:<>=@?A?CBEDF%G#H IJKLMON	PQ%R	S>TU V
W@XZYﬃ[Z\^]`_a	bcd/efgih jkEl jmnio prq*s#ts#u v`wxyy{zE|}Z~ 	 	
	#Ł # #	 	  ¡¢/£¤¦¥E§;¨#¥©	¨§ª¬«­¯®@°±²
³´	µ¶·µ¸¸¹»º#¼ ½¾¿À	Á Â#ÃÄÅÆÈÇ@É*Ê Ë ÌÍÎÏÑÐ3Ò ÓÔ ÕÖ	×ØCÙÚÛ#Ü ÝEÞßà
áEââã	âäæå ç/èêéë#ì íîïñðò óôõﬃö	÷ôñøùúñû ü/ý3þß 	

ﬀﬀﬁﬃﬂ! "#ﬃ$%&''(ﬀ)*&',+.-/10*234565673498ﬀ:;<6=:>@?6AﬀB!CDﬀE!FHGIJ
KﬀLﬀMN6OQPﬀR6S*TUHV6WﬀXﬀT@YZ\[^]H_ﬀ`aﬀb\c9defghjiHklmjnop6qﬀr,sjtvuw6xyz{^|
}~6ﬀ6@HHHŁ*6,ﬀ@ﬀ ¡*¢£6¤¥¦§6¨ﬀ©ªﬀ«­¬®¯H°±6²³^´
µH¶ﬀ·¸^¹»º¼H½¿¾ÀÁ6ÂÃﬀÄ6ÅÆÇÈÊÉËÍÌﬀÎHÏÌÐﬀÑ*ÒÓÊÔﬀÕÖ×ﬀØ¿ÙÚÛÜÝÞßà@ÜﬀáHâ,ãHä
åæ»çéè,êìëí.îðïñò!ó^ô õ
ö ÷ øùûú
üþý ß 	
 				 ﬀ	ﬁﬃﬂ ! "#%$ﬃ& ')(	*,+ -.0/213 4657 8)9;:	<=	>	?<A@	B	C D ED B	F	C
G,HIKJLNM%OP	Q6RSTSRVUWX YX0Z\[^]6] _`2ab c	def%gNhi	jVk,lmn	oKpqrts,uwv;xy	z {|t}K~,6 	
^t%ŁK, K	 6, tA,N	  ¡£¢¤	¥	¦§¨	© ª ¦«K¬K­	® ®6¯°,±²6³A´µt¶
·¸¸¹,º6»	¼ ½	¾À¿ÁÃÂNÄÅ	ÆNÇ	È É ÊËÈ Å	ÌÃÍ	ÎtÏ	ÐÑÒ6ÓÔ Õ	Ò ÖÑ×ÐAØ	Ù Ú ÛÜÝÞ ßKà	áÀâã ä åçææèAé%êìëëîíìï
ð
ñóò)ô\õ÷öø)ùúŁûýüßþ 	
ﬁﬀﬂﬃ	 "!$#	%$&')($*,+.-/
0ﬁ1324$567$89:	;<=?>@ABDC$EDF	GF	H$IJLKNMOPQSRUT,VWX,YZ
[\]^_a`	b$cD`	defg	hjilkmnpoq,r	stuUvxwUyz|{}~
xŁxŁx
 |¡£¢	¤¥$¦§¨
©«ª¬ª,¬|­®«¯°	±®²³µ´·¶¹¸«º¼»´½ ¾¿ÀÁ	Â	¿ﬁÃ«Ä ÅÇÆÉÈËÊÌ	ÊÍÊ Î	È
ÏlÐ$ÑLÒ$Ó,ÔÔÓ,Õ$Ö×Ó,ØÚÙÜÛDÝÞßﬁà$áãâä$åæä$ç,è	éêpë$ì,í$îïðñﬁò	ó$ò	ôDõö÷ø ùûúüý
þ$ß 	

ﬀﬁﬂﬃ! "#$ %'&)(+*',-./0	132+456789	:;
<==>?A@B	CDFEGIHKJLMMFNPORQSQ'TKUVXWZY[\]^_	`aIbcedfgih!jkl'm
nopqrstvuxwyz{|z}~ZŁK	 ¡
¢£¤	¥¦¢§v¨ª©«­¬®¯°±	²³'´¶µ+·'¸¹º	¹v»¼½¾¿IÀÁÂÃÄÂÁÆÅÇÈ'ÉÊRËeÌKÍ
Î+ÏÐKÑÓÒ!ÔÕÖÒ!×ÔÙØÛÚ!ÜÝßÞàáãâAäå	æçè	éêëAìí	îðïñòôóõö÷øÙùPúRûü'ýþß
 	

	

ﬀ
ﬁﬂ
ﬃ 
!#"
$&%('
)+*-,
.(/1024365
7	849(8&:;
<=?>@ABDC&EFGIH JLKMLN
OPRQS
T
UVW&X
YLZ[
\^](_`bac dLe
fg4h(ikj(l4m-n4o
pDq
rIs tvu&w+xzy|{} ~ &
  Ł
	(

D4 ¢¡¤£(¥	¦¨§(©
ª«­¬®D¯4°D±²³-´(´(µ(¶·¸¹
º-»Dº
¼(½¾(¿
À4Á(ÂÄÃ
Å	Æ(ÇÈÉÊËÄÌ
Í-Î
ÏÐÍÒÑ(Ó(ÔÕ	Ñ(Ö+ÔØ×
Ù(Ú-ÛÝÜ	Þ
ß(à-áØâ
ãÄäå4æç
è(éêëìíïîðòñôóõ÷öùøûúýü-þkß 	
ﬀﬁﬂﬃ !#"$&%'(
)*+-,/.1023456879;:/<=>>@?BADCECGFH
I;JKMLNO PLRQSTUVWXUZY[-\ ]^\_1`a/bcdfe ghei1jklm npoqq rstuvw
xyz
{}| ~


  Ł
 -  -¡¢£¤ ¥¦¨§©ª&« ¬-­®°¯/±²³ ´¶µ¸·-¹º¼»½;¾
¿ÀÁÀÃÂÄ-ÅÆÇÉÈÊ ËÌÍÎÌ-ÏÐÑÒ-Ó ÌÔÕÖ× ØÙÛÚ-Ü ÝÚ-Ü Þ-Þß°àáâãäå æçèé
êë ìí¸îpïðñò-ó
ô;õöø÷ùúû-üýßþ þ	
ﬀﬁﬂﬃ !#"$%ﬀ&')(+*,
-./-0ﬀ/.1324657#8ﬀ9;:<=?>@AA@BCDEFﬀGHIJLK?MN+OQPRSRUTV
WYX Z\[ ] ^ _a`
bdc
e
f gah
idj
k l
m npoYq
r+sﬀtutwvwxzy|{~}ﬀ#Łﬀﬀﬀﬀ
¡  ¢p£¤£¦¥ﬀ§¨©zª«­¬®¯?°²±³³´µ3¶?·­¸¹\ºL»¼ﬀ½½#¾»¦¿ÀÁﬀÂÄÃÅÅÆﬀÇÈÉÊ6ËÌÍ
ÎﬀÏﬀÐ3ÑÓÒÔﬀÕÖ×ÙØÚ\ÛÝÜÞ#Üßàáßﬀâãäæådçéèzêìëîíïðòñóﬀôöõ÷ﬀøúùûüþý
ß 	
	ﬀﬂﬁﬃ "!#"$%&(')	*+, -.0/21 3456879: ;=<>?@>
ABDCEFHGIKJLMON	PQN	RS TUVWYX[Z\]^ _ `abcdefﬂgh ijHklnmﬂoqpsr tuvQw	x
yz{ |}	{~2 ŁH8 Q 8	 2¡ ¢£¤¥
¦§	¨©ªQ«¬­¯®°±²³µ´¶	·¸¹º»½¼¾¿ÁÀÂ ÃÄÀQÅÁÆÇÈÉµÊÌËﬂÍÎÏÐ½ÑÒÓ
ÔÕ Ö×ØÔÕÙÛÚ0ÜÛÝ ÞßÝ	àßﬂÞá0âYã8äååæç	èÌéêëﬂìí0îï
ðYñòôóﬂõ÷öøùúûü ýþÌß 	
ﬀﬁﬂﬃﬁ! #"%$&(')+*,.-
/0132%45!68799;:%<.=%>?@!ACB!D%E.EF!G.H%IJ%K%LJ%M#NOQPSR#TVUWYXZ[;\3]^%_
`a%abc%degf;hij!klnmonp%q+r%stu!vwyx;z{|!}~.%!%Ł.;g
;	(%! ¡£¢¤.¢C¥!¦%§¨©!ª;«¬­(®¯°±²C³%´Vµ%¶!·¸£¹!¹!º
»½¼.¾%¿ÀÁÃÂÄÅ!ÆÂÇÈgÉ%Ê½ËÌÍ.ÎÏÐÒÑÓÔÒÕ;Ö×Ø!Ù%ÚÛ%ÜÞÝß%àâáãä!å!æ%ç%èêéëéì%í
îðï%ñòóõôö÷ùøûúùü ýþõß 



		ﬁﬀﬃﬂ !ﬁ""#$%&'(*),+ﬁ-ﬁ./0132/4ﬁ56798:ﬁ;*<=>,?@AﬁB
CD EFG3HJILK,M,K,NO
PRQ S
TVUXWYZ,[]\^_`a b,_dcegf,hXikjﬁlm,nXop q,rgsutvwﬁxyz{ﬁ|}~|
 3Łﬁ ﬁ9Xﬁ* ¢¡£¥¤,¦§©¨,ª,ª,¨,«¬©­R®¯®°,±,²³
´µ¶¸·
¹»ºd¼u½ ¾*¿»À ÁÂ,ÃXÄÅXÆÇ ÆÈ©ÉÊRË3ÌÍﬃÎÏ,ÐﬁÑ,ÒÓÔ3Õ,Ö×XÔ,Ø,ÙÚﬁØÜÛ,ÝÞ
ßàáâã¢äﬁåæçèçéﬁêëìﬁíÜî
ïﬁðñïóò,ôXõﬃö÷,øﬁùúóûüﬁýþ ß
	
	
	ﬀﬂﬁﬃ! #"$&%'()+*,-/.0124365789/54:;=<	:?>	@BAC	D/EFG	HIJKKL
MNM	OPM	QRSTVUXWY	Z/Z/[\]_^`a	bdcefg	hdijkilmonprqstuXvVwx	yzV{|
}~=	=	ŁVV	_	&##=	 /¡¢/£	¤¦¥§	¨ª©«	¬=­V®+¯±°
²³´¶µ_·=¸µ·=¹»º½¼	¾À¿=Á	ÂVÃÄ/ÅÆÇÈ	ÉËÊÌÍÎ=ÊÐÏÑÒÓÔÏ¶Õ×ÖØÙÚ¶ÛÜÀÝÞ	ßà	áÞÝãâä
åædçéèêëìí+îï&îðñóòôõöV÷=ø	ùúV÷=õ	ûﬀüýþdß 	
 ﬀﬁﬂ
ﬃ	 !ﬀ"$#ﬀ%ﬀ&(')*,+	-./0123(457698:<;=>@?AB@CEDFGﬀHI7J	KLLLMONﬀPQR
SﬀTﬀU(V,W	XYW$Z[]\ﬀ^_`(abdcﬀeff(gh$ijk	il,mno	pq$ro<s,tﬀuwv	xﬀy,zﬀ{{|}
~ﬀﬀﬀﬀ	ŁEŁﬀﬀﬀ	ﬀ ¡£¢¤¦¥ﬀ§¨©ª(©«(¬	­®
¯$°±	²³µ´¦¶ﬀ·¸º¹ »¼O½¾¿ÀÂÁÄÃÅÆ$ÇﬀÈ(É	ÊÌË$ÍµÎÏ	Ð¦ÑﬀÒÓÔÖÕ×	ØÙÚﬀ×	ÙÛÜÞÝﬀß
à	áﬀâãåäæç	èé$êë	ìíîﬀïð	ïòñówô	õﬀö÷åøù	úûüòýþß 	

	ﬀ
ﬁﬃﬂ !"#$%#	&')(*,+-/.0213ﬃ4 565879 :ﬃ;=<>ﬃ? <A@BDC EF
GIHKJML
NPO)QSR%TUVﬃW8X/Y
Z [[	\]_^`a	bdcefhgikjlmjnop q	nr/stkuvwﬃxhyz/{ |~}	/ Ł	
=) /),	 /ﬃ K¡ﬃ¢£¤¥/¦¨§©ª«%¬ ­¨®ﬃ¯±°²³	´	µ¶· ¸/²º¹¨»½¼¾¿/ÀºÁ
ÂÃ ÄÅÆÇÈÉÊDËÌ,ÍÎ	Ï ÏkÐÒÑ ÓÕÔ Ö×
ØÚÙﬃÛ Ù ÜDÝMÞ ßáàãâ ä¨åÕæ çèIé ê æ ëÒì í î ï ð	ñîDòÚó ô=õÕöI÷ﬃø	÷ﬃù÷ ú	ö
ûﬃû/üýßþ 
	ﬀﬂﬁﬃﬀ ﬂ!#"ﬂ$%'&()*)+ﬀ,.-/012354ﬂ6798ﬀ:
;<=>.?ﬂ@AB
CDFE
GHﬂIJKLﬀMNPOQRTSﬂUVWVXﬀY[Zﬂ\.]_^`ﬂabced9fﬂgﬂhjiklmﬂnﬀo
pﬂqr
stvuwyxﬂz|{}~_}_ﬂŁﬂ
ﬀﬀ|_ﬂe 
¡ﬂ¢ﬂ£ﬀ¤¥¦¡§ﬀ¨ª©«¬®­ﬂ¯ﬀ°±²ª³_´¶µ¸·¹»º¼ﬂ½¾ª¿ÀÁÂÀÄÃ
ÅÆﬂÇÈﬀÉÈﬀÊÈjË|ÌﬀÍﬂÎ|ÏÐÑÒ
Ó
ÔÕﬂÖj×
ØÙÛÚÜÛÝÞ
ßàâáãﬀä
åææèçﬀé_êë_ìíîﬀïðòñóôõöª÷¶øùøúﬀûýü5þﬂßßþ 
	
	ﬁﬀﬂﬃ 	!#"	$%'&(*)+)-,.0/12*345768	9;:	<=>*?@ﬁ:BACEDF	G
HI0J*KLMON	PQRﬁSUT-PBVWYX7Z\[^]_Y`7a	bYc*defgfcUhiﬁjk0lm7nop	qrstu	vxw	y
z{	|~}-}'		*Ł*Y#YUBY *¡
¢7£¥¤ ¦¨§
©ª¬«­®U¯O° ±³² ´¶µ¸·
¹»º	¼¾½¿*ÀÁÂÃÄÅÇÆÈﬁÉÊ*ËÌÍÏÎUÐÑÒ-ÓÕÔOÖØ×ÚÙÛÝÜYÞÇßà	á¾âãYäå-âæBçéè	êëì
í	îïð	ñòôóõ-ö'÷	øUõ-ùõúûýü	þ	ß 	
ﬁﬀﬃﬂ! "$#&%('$)+*
,-.0/213547689:<;>=@?<ACBDBFEGGIHJKLMNPOQRTSUWVYXZ[\&]^`_ab
c(dfeeg	hijlkmon&pqrtsuvowxyz	y{|}~	7Ł$o
$7YCT$ T¡¢£2¤l¥¦§¨W©ª«F¬C­®¯F°Y±@²³´µ³¶	·&¸
¹Yº»½¼¾¿ÀÁ7ÂÃÄÅÆÇ7ÈÊÉ`ËÍÌ
ÎÐÏ>ÑCÒÓÕÔ$Ö×7ÔØ×7ÖÙ2Ú$ÛÝÜÞßàâálãYä&å
æçèçêéëTìíîêïðñòóôòTõö÷	øùúüûý7þß 		

	ﬀﬂﬁ
ﬃ !#"%$&(')+*-,%./0-12430-.6578(9;:<=%>-?@4A?BCED-FGH6IJKLMNOP-QR
S4TU	VXWY-Z[\Y-[]X^`_acb-degfhij(klm6noprqstvuwxy-zr{|(}~c
Ł(X-4- ¢¡r£r¤¥¦(§¤¨©ª¬«­®¯°±²³´µ·¶g¸º¹-»
¼4½(¾¿ÀÂÁÃ-ÄÅÆ	Ã#ÅÄÇÉÈ4Ê	ËÌÍÎÊÈ4ÊÏÐ-ÑÓÒÔÕ×ÖØÙÚ	ÛÜÝÞßáàâãä4åºæ-ç
èêéﬀëëëìví(î4ï-ðñròóô4õrö÷øùúû4ü-ý×þ(ß 	
ﬀﬂﬁﬃ
 "!#$&%'(*)+,"-./012&354
67&8:9<;=>?@A5BDCE&FHGIJEKLML&NO
PRQ&STQUWVYXZ\[]^_`^acb&defhgijlkmmnoqprstuvwJxzy{}|~&~
Ł ¡¢£¤¥¦¨§&©ª«¬­¯®°±²&³´µ¶J·¸¹º
»¼½¾¿YÀ&ÁÂÃÄÅÂ*ÆÇ&ÈÉÊJË&ÌËÍÎÏÐ Ñ:ÒÓÔ"ÕÖ×ÙØÚÛÜÚÚÝ:Þ:ßáàãâäæåqçè
éêìëîíïðòñ:óôãõöæ÷ùøúùûüýîþß  	

ﬀﬂﬁﬃ! "
#$%&ﬂ'$(*)+,.-/0123456879;:ﬂ<=?>@ABDC;EF8GIHJKﬂLKﬂMNOP.QIRST
UﬂVWXYVZ[\]_^`a\bcdefgdihjﬂk?lmjﬂnjﬂoprqstquv*wxyz|{}~
ŁŁ|ﬂﬂ_ ¢¡¤£¦¥§©¨«ª­¬«®¯*°?±²³ﬂ´³µ;¶·¸_¶¹º
»¼¾½¿ÀÂÁ¦ÃÃÄÅÆ­Ç¢ÈÉDÊIËÌÍÎÏÐÑIÐÒÓÔÖÕ×ØÚÙÜÛÝÝ­ÞßàáâÚãäåæç
è
éﬂêëêéﬂìîíïðÖñòóôòõö÷øù_úûüýþß 	

	ﬀﬂﬁﬃ "!$#ﬃﬁ
%&	'()&+*,$-,	./10"2345$6879:;=<>@?AB"CD	EFGHJILKM@NPO Q"R$SR$TUVW
XYZY[X\]^\ﬂ_`ba	cdefcgih$jkmlnojp$qsrtuvrxwy	z|{}y	~y	
 Ł" xP$$ L	 b ¢¡P£¥¤ ¦¦¨§©«ª¬iª­b®$¯±°²³ ´"³ µ
¶·¸¹»º¼½¾	¿$½¿	À¾+ÁÃÂ$ÄÆÅÇÈÃÉ	ÊËÌ	ËÍÎÏÃÐÑÒÓiÔÃÕÖ×ØÙÛÚ$ÜÝÞßàÚ	áâiãä$åæç
èLéêëéì$íîïñðò	óôõò+ö÷ùøúûýüþ ß

	ﬁﬀ
ﬂ
ﬃﬁ !ﬃ#"$&%('*),+ﬁ-.0/1
2&3547698
:<;5=?>5@ABDCFEGHIJ&KL
MONPQ
RST
RﬁUVW
XZY[]\^_a`bcd5egfhji*kﬁlgmon
pq
rst,u*vﬁwxzy{}|~
ﬁ



5Ła

ﬁ
oFﬁ
ﬁ¡ ¢£¤¥ﬁ¦¡§
¨5©ª5«­¬¯®5°7±9²
³µ´
¶?·5¸¹º»½¼F¾
¿À¾&ÁÂ*Ã*Ä
ÅÆOÇÈÉÊ&ËÌÍÌﬁÎ
ÏÐ
ÑÒ&ÓÔÕÓÖﬁ×*ØÙ
ÚÜÛ&ÝÞ
ß
àáâﬁãgàäâåæçèéæ
êÜëìí!îïðﬁìñòóô
õﬁöóø÷ùúaû
üýþýß 
	


ﬀﬁﬃﬂ "!#$%
&('
'*),+.-0/
132,4.5678
9:;<=9>@?ACBD
E3FGH,IJK.L
MNOQPRL
S*T
UVXW
Y
Z[]\.^QZ`_a,bacd=efﬃghi"jklnmQopq
rst=uvﬀwyxz.x{|"}~Q,"

.,Ł


].Q`,
X Q¡¡¢¤£¥,¦§.¥,¨©ªQª«
ª¤¬.­
®.¯
°
±³²´µ·¶,¸¹ºQ»
¼=½¾¿.À,ÁÂÃ
ÄÆÅ
ÇÈÉ
Ê.ÈËÌ,Í.ÎXÏ"Ð=ÑÒÓÕÔÖ
×ÆØÙQÚÛ,ÜyÝÞßàâá.ãåäﬃæ@ç
èQéê.ë]ìí
î
ï
ðñ
òó`ôô(õ÷öùøøøúüû
ýþß 	
ﬀ	ﬁﬂﬃ! #"!$%	$&#'(
)*,+-.0/	132543678:9<;=
>@?BADCFEHGJILKDC5MONQPLRLS
T	UVXW#Y!Z#[#\]^_:Z#`ba:cedf#gd	hijklnm#o	p#q!r#st#uvwrxzy|{#}:~{b:
#:#Łz#Ł##<: ¡£¢#¤#¥¦!§¨©«ª¬­
®¯°#±#²³´µ3¶·¸#¹º¼»	½¾¿½À¼ÁÃÂÄÅﬀÆÇ#ÇÈÉÊÊËÍÌ#ÎÐÏÑÒ¼Ó#Ô!ÑÕÖ3×ØÙÚ!ÛÙÜ
ÝÞ#ßß#à:á@âã3äåæÐçèéê:éìë#í|îïðòñóôõö#÷øùúû#ü5ý:þßþ 	

ﬀﬁﬂﬃ !"$#%&'	()+*,.-/0123547698:+;<=>@?ABCEDF	G
H@IJKMLN@NPOQSRTUVMWXYZ+[\^]_`7ab_c	dfe^ghijlk	mlnopMqrstu@vw7xfy
z{	|}~Ł7f7	@	7 	¡¢£¥¤¦§¦¨7©
ª«	¬­@®°¯±f²³µ´¶f·¹¸º»¼»½¾¿À¿ÁÂÃ	ÄÅfÆÇÈÉÊËÌ7ÍÎÏPÐ7ÑÒÓ¹ÔÕÖ
×ØÙÚ@ÛEÜ	ÝÞß@àláâäãå	æçèéêfëè	ìíèïîðòñóôõ+óóöä÷føùú7úlûfüýþß 	

	ﬀﬁﬂﬃ! #"$%	&('*),+	-.0/12,3	45	67ﬀ89;:!<>=>?:!@	A
BCD*E>F#GIH	JKL#MONPRQS#T>UV#W	XY#Z\[>]_^`acbdedbdgfhicjklmn	oqprstrvuw
x>y{z}|	~		Ł				>!>>!	>{	 >¡	¢£
¤¥	¦§	¤¨©ª«*¬­®¯0°±²;³>´µO¶¸·¹º>»	¼¾½¿À>¿½ÂÁÃ¾ÄÅ>ÆÂÇ>È	ÉÊ
Ë;ÌÌÍ	ÎÏÐÒÑ	ÓÕÔÖØ×Ù	ÚÜÛ!Ý	ÞßàáâÕãäåÒæ!ç>èéêéëOìíî,ïð!ñ¾òó>ôõö	÷
øùûú>üýcþ ß

	ﬀﬁﬂ
ﬃ "!$#&%%'()+*,
-."/
01
23
46575498:<;=>?;@ACB
DE
DFGHJIKLNMPO
QPRSTUWV"XYZ[J\6]^_`badc?efghi
jk
lnmporqqstbuvbwuxzy{|~}

z6r?PŁ
Ł
b
<rbz

 "¡r¢£¥¤
¦
§¨©«ª
¬­b®¯°
±z²6³´r³µ
¶¸·b¹
ºP»¼½r¾¿
ÀÁÂrÃÅÄ
ÆÆÇ«È
ÉÊ¥Ë
Ì
ÍrÎÏ
ÐbÑÒ
ÓÔbÓÖÕ×
ØÙÚÜÛÝÞßàâáã
äåæèçé
êÜë"ìíî6ï"ðï ñ
ò
ópôõPöø÷ù6úûPüúý
þß 	
ﬀﬁﬃﬂ	 "!#$%	&'()	*+,-.*/102	34"567ﬃ8:9;<=
>?@AB>DCEFGIHJ	KMLNO	PQ	RS:TVUW	XYZ[]\^V_`a:`bcdfegMh	ikjl	m
noponoq	rsutvwxy{z|}~	Ł		::u	: 
¡¢£¤¥¦	§¨©«ª¬­®f¯°±³²´µ¶¸·¹º»"¼¾½:¿ÀŁÁÂÄÃÅÆÇÈÇ¸ÉËÊ	ÌÍÏÎÐÑÒÓÔÕ
Ö×Ø	Ù×ÛÚÜÞÝß	àá	ââãäæåçèéê	ëìíîÛïñðòóô1õö÷ø	ùúÞûüýþü	ß 

	
ﬀﬂﬁﬃ !#"$%&
')(+*,.-
/0123456879+:;<
=>?=A@)BC@
DEGF
HIJKLNMOGPQRSTUV
WYX
Z[\]#^8_`)acbdYefAghijk
lmnno)pAqsrtuvxwyz#w{|~}8

)Ł)A~8A8)8

¡ )¢¤£¥8¦§A¨#©ª)«¬Aª)­®°¯±8²³µ´¶A·¸
¹
ºAº»
º½¼¾¤¿ÀÁÃÂAÄÅÆÇÈ
ÉËÊ8ÌÍÎ
Ï
ÐÑÒÓ
ÔÕÒAÖ×ÙØÚÛ)ÜÝÙÞß
àß
áÞß
áâ
ãäåçæè8éêëìíî8ï
îðñ#òóôõö÷#øùúû
üý)þAß 	
ﬀﬁﬃﬂ! #"$&%$')(%')(!*,+!-.0/123425
6!7!89:;=<>@?ACBEDF!GH)IJKL)MONPQSRT!UVW!XY&XﬃZ[O\^]_`bac
d!e!fghiCj!kml!nopq!rst!pu!vpxwyCz{|z}~
)!Ł^&&x&) !¡¢£m¤¥!¦
§©¨«ª­¬¯®b°­± ²
³ ´ µ·¶¸!¹
º¼» ½ ¾À¿·Á
Â^Ã!ÄÅ)ÄÇÆ!ÈÉÊ!ËÍÌ!Î!ÏÐÑÒ)ÓÔ)ÕÓ&Ö×ØÙÓÚÛ!ÜÝÞßÚàáâ!ãá&äã!åxæçèéêë!ìí
îOïðñóò!ôõö÷øù!úûóüý!þ ß
	
ﬁﬀ	ﬂﬃ "!$#&%'
(*),+.-0/214357689;:=<?>A@BCEDFGIH2J4KMLON7PPQRTS=UWVYXZ[]\^_
`a	bcdbegfhikjlmnopqrs"tvuw"xyw"z"{|	}&~	Ł
W WY   ¡¢¤£2¥§¦¨©	ª «¬®­¯±°³²¤´ µ ¶µ ·¸E¹ º¼» » ½¾E¿À,Á?ÂÀÃ¤Ä ÅÆÈÇÉ"ÊAËWÌ¼Í³Î ÏÐ¤ÑÒ ÓÔ
ÕÖ,×?ØÖ¤ÙÚ ÛÜÞÝ¤ß àáâäãåæç$èé]êëì¤íîðï ñ òWóõô÷öø³ùúüûýþYß 
	 
 


ﬀﬁﬂﬃ! "
#$"&%'
()'
%+*,.-0/1324
567+8:9;
<$;&=>
?A@>
B$C=DB>&E FHGJI K3LNM O
P$PRQ0STU
VVXWZY\[^]_`abcedfgihkjl mnl o
pqr
nstAu
v
w$xy zi{|\}~}
 Ł e$e:iA$
 $ + ¡
¢¤£¥¤¦§
¨A©§
ª$«¬­ª§¯®°±² ³ ´³ µ¶·¸¹¤º$» ¼ » ½
¾¿ÀÂÁÃ ÄÅÆ$Ã ÇÈÅÃ ÉÊ¤ËÌ
ÍeÎÐÏÒÑÓÕÔ Ö×ÙØÚ
ÛÜ$ÜÝiÞßÛàáâ àãåäæèçééê$ëìí îAçïðiñ òåóôõåöø÷ù
úûüýHþ$ß 
	
 ﬀﬁﬃﬂ !"$#&%('$) *+'$, -ﬃ.0/12$3547698;:7<$=>@?BADC C9EFGHIJ
KL7M KNM L7O$P QRST UWV$XY Z[\7[]^_`a$`bc$de$fg(hijk lmWnopq$rstvuwxzy
{}| ~}7}$ Ł }5 7 $ 7 z ¢¡W£¥¤¦ §$¨¢©ª«­¬®W¯±°²´³µ
¶B·;¸¹º »º ¼½¾¿ÁÀÃÂÄ7ÅÇÆÈÊÉËÌÍËÏÎÐÑ5Ò$ÓÕÔÖÃ×7ØÙzÚBÛÜ´Ý Þ7ßáàâ ã ä}åçæ èêé¥ëì7íÇîï
ð ñò$óôñõ7ö ÷$øù7úûýü þß ß 	
   ﬀ ﬁﬂﬃ  "!# $%&# '(# )*+,-/.0123 45
678(9;:< 78/=>?A@B C(DFE G HIKJ LKMNOFPRQSUTVXWYZ[]\_^a` b(cFdeReRf(gKh(ijlknmo;pqRrsrtu
vwxzy{|}~|yK ; X;Ł(  (;/RFR  ( ¡¢(£R¤ ¢(¥¦§©¨«ªa¬ ­®°¯
±² ³µ´¶l·©¸º¹(»¼½¾R¿°ÀÂÁÃRÃÄÃÅÆÇlÈºÉ(ÊRËÍÌÎÏÐ ÑFÒÏÓÎÔÕ×ÖaØÙÚRÛÜÝ×Þ(ßàâáäãåæFç èè
éëêëìì(íî;ïðñXòóôòõöK÷ø ùúüûýüþ ß Rß 	
  ﬀﬂﬁﬃ   !"$#&%('*),+-.
/ 0 1$243 57698 :;<=> ?@;A7BCDEFHG,IJLKNMOPQRTSVUWYX Z [$\4] ^7_`bacd*egf,h7ijklVjmn7op qrbst
uvwyxvz {|u~} $y  ŁT  

 ¡£¢¥¤N¦¨§¥©ª¬«­®¯°±®²³±µ´T¶·*¸¹,º4»¥¼T½£¾¿¥À¾ÁÀT¿¥ÂÄÃÅÇÆ*È,ÉÊ
ËÍÌ³ÎNÏÐÏÑÒÓ¥ÔÖÕ¥×¥Ø,ÙT×¥ÚÛÜ³ÝÖÞàßáãâÍäåæTçéèêìëíîðïNñ¥òÄóôöõN÷³ø¥ùú÷û
ü¥ý¥þß 
	ﬀﬁﬃﬂ !ﬂ "#$&%'
()+*,-*./10
2345
67
8:9;<9=?>A@1BCEDGFH
IJAKLNMPORQ
SUT VWYXZ
[
\U]^_`badcegfhij
k1lmon1pqrn1snutvwxyﬃz|{}~
G~
g

1Ł G
ﬃﬃ
 ¡
¢£¥¤:¦§¨¦©ª«G¬­
®¯°g±²
³´ µ¶
·G¸¹ºﬃ»½¼¾ ¿ﬃÀ
ÁÂÃÄÆÅgÇUÈÉÊ|ËÌÍË ÎÏÐ
ÑÒ|ÓÔÕÓÖﬃÖ|×ØÙ
ÚGÛÜ
ÝAÞGßà1áâßÞGãäå
æ çèé
æêëíì îíï
ðñóòôõöd÷¥øGùúûüóýþß þþ	
		ﬀﬂﬁ
ﬃ 	!	"#%$ &%'(*),+	-/.,0.2143 56879ﬂ:<;ﬂ=2>?@BADCFE,GHJIﬂE8K*L	MON P8QR*S,T
U,VW XY[Z,\,]4^ﬂ_,_`*abdce,fg*fh,ijk*lﬂmJhjndo pqBrs,tFuwv,xﬂy	vzJ{d|}ﬂ~
*	ﬂŁ,O* J,* ¡ ,¢*£O¤	¥¦§ﬂ¨	©	ªJ«­¬®°¯,±ﬂ²´³µ*±ﬂ¶	·
¸,¹,º¼»J½¿¾ÁÀÂ ÃÀÅÄ	Æ*ÇÉÈ,ÊﬂË	È,ÌÍÏÎﬂÐÒÑÔÓÕÖﬂ×	ØÚÙ	ÛÜÝÞßàOáãâä,å	âçæèé ê
ë*ìí*î,ï/ðñ,ò,óôÏõ,ö÷øùJúùJûøÒü,ý8þß 
	
ﬀﬁﬂﬃ !
"#
$&%'#()+*)
,-.0/132457689;:=<>?+@BA
CED=FG
HI
J;K;LMNOPQ+RSBTU
VWXYWZ\[]+^_a`bcedf
gihjlkmnpoq
rstuv
wlxzy{|}
~i+=Ł
aﬀei
+ = ¡¢ £¤=¥+¦ﬀ¥§+¨©=§+ª¬«i­
«®¯°e±i² ³ﬀ´
µ·¶¸p¹º+» ¼½ﬀ¾ ¿ÁÀÂ+ÃÄ
ÅiÆÈÇÉ
ÊzËÌÍÎÌÏÐ+Ñ
ÒÓÔÕ·Öﬀ×ØÙÚÛÜÝÞßààá
âãzäæå\çéèêå\å\äìëpí
îðïñòïó
ôõ÷öøùiú=ûü+ýþ ß
	
ﬀﬁﬃﬂ !"$#%&(')$*+
,-./102345687:9;=<?>@BAC8DEAFCFHGIKJLJM=NOPQRTS$U8VWYXZ[\]:^1_`a
bcdfeghij1kemlnopqrTstvuxwyHzT{|}~8f$=TYŁ$Ł1Y=$
 ¡¢¤£v¥¦8§¨©mª$«T¬v«f­®¯°8±²³´µ·¶¸¹º¸»1¼8½¾¿À8ÁÂÃ1Ä8Å=Æ
ÇÈ1ÉËÊÌÈxÍÎÐÏÑÒÔÓÕÖ×1ØÕÙÚÛÜ?ÝÞßáàâãTäå$æ8çè?éêëìí8îï1ðñò?óôõTö$÷
øùúûüýßþ  	
ﬁﬀﬃﬂ! #"$%&ﬁ'($*)(+,-/.10
243356(782498:;ﬁ<1=ﬁ>?A@4BCDEFHGJI4KLM8NMO(IHPQ(R4STRUVWX(SYZ\[]^_H`
abcacdegf(hifkjllmonpqnrstvu4wﬃxy(z{|}y(~4oﬁ(81(Łv
ﬁ!( ¢¡v£¤¥§¦(¨©(ª«­¬8®¯°(±²³µ´¶·¸4¹oºﬁ»¼(½¾
¿ÀÁÂﬁÃÄÆÅÇÈÉÊÌËﬁÍÎÏÐÑ(ËÒÓ1Ô(ÕﬁÖ×ÙØ(ÚÜÛÝÞßàá4âÌãää1ãåæ(ç
èéêëì8íîïðî4ñóòôöõ÷øùúûüý(þß 	
	ﬀ	ﬁﬃﬂ !	"#
$%&'	(*),+-.0/132547698:	;ﬃ:=<*>?<	@?>A,B*CED FGHJIKLNM5O*PRQTSQTUVWXXTY
Z[\]^_*^a`bdcegf*hjiklnmoqpsrutvwyx*z{|}}T~	y
ŁTg*Tq*9¡ 0¢£T¤R¥ ¤N¦ §¨ª©ﬃ«	¬ﬃ­«¯®	° ±T²³ª´*µ¶·,¸ﬃ¹º
»¼½ ¾¿ÀÁÂ ÃÅÄ ÆÇÉÈÊËÌÍ	Î ÏÑÐÒÓÔ	ÒÅÕÖ	×ﬃÖÙØÚÛ ÜÝTÞß*àÅáâäã åææçèéRê
ëì	íﬃîïðñòóôuõö÷ ø*ùúûüþýß 
	

ﬀﬁﬂﬃ "!$#%!'&()&$*
)(+-,.0/
1324576
89
:9
;3<
=>@?%A>@BDCEFG
HIJK-LM
NOPQRO$NTS@UV
WYX@Z
[7\]
^_
`acbed
fg
hijlk
menoqprsctvu$wwxyez{|~}7
@ %Ł$l7"@ ¢¡
£¤¥¦£§
¨@©ª«¬­¯®
°±²±³@´
µ¶¸·º¹¹l¹¼»½¸¾¿
ÀqÁ@Â$ÃÄÃ¯ÅqÆÇ
ÈÉ"ÊËÌÎÍÏÐ$ÑÓÒÔÕ¢Öº×ØÙÚ@Û
ÜÞÝßàá
âãä
åæèçé
êìë$í
îïðèñ
òólô$õ%öl÷$ø
ù$÷úüû
ýßþ 
	
ﬀﬁﬂﬃ !#"$
%&(')+*,-/.012#1354
67ﬀ8/9:<;#=;>?@AB/CDE(FG
H/IJK<LM<NOQPRTS
UWV/XZY\[]^#_`ab
a#cdfe
gh#ikjlnmoprqstu
vwZxy<z{
|~} ~~Ł ~Ł r~ ¡¢¤£¥~¦§¨ ©#ª¬«­¯®°°±²³µ´~¶¸·º¹¼»½
¾¼¿
ÀÁ Â#Á Ã¤ÄÅ¤ÆÇ ÈÉ#ÊËÌ¤Í¯Î¤Ï¯Ð ÑÌÒÓÔÖÕ×¯ØÙÚÛÜ¤ÝÞ~ß¬àá â~ãä¯å æçèéµêÖëìíî¤ïñðò óôõ
ö÷ø
ùûúüýþß   	
 ﬁﬀﬃﬂ! "ﬁ#ﬃ$%& '(ﬁ)ﬃ*+,-./1032ﬁ4 56798 : ;	<>= ?>@BA C
D!DEFHG!IKJMLON3PMQ RST Q UVXWHY[Z\]^`_aObcedfhgiﬃjﬃklm nﬃoﬁpHqﬁrtsvuﬁwxyﬁzz{ﬃ|~}  B
[KŁ ﬁ ﬃﬁﬃ ¢¡ﬃ£¤¥¦ﬃ¤¥¨§ ©ªﬃ«¬ﬃ­ﬁ®¬ﬃ®¢¯°ﬁ±² ³´ µ	¶e·¹¸9ºﬃ»¼ ½¼ ¾¿ÀÁ
Â!ÃﬃÄﬁÅÇÆÈ	ÉÊ ËBÌÍÊ ÎﬁÏÑÐ!ÒKÓ3ÔÕÖ×Ø1ÙÚÛÜÝ!Þß	àﬁáâtãåäçæèﬃé>ê ë ìBíïîﬁðñÑòóôõﬃö1÷øùÑúû
ü ýþß ý 
	  ﬁﬀﬂﬃ   !#"%$& '(*),+ - .ﬁ/10 2435687ﬃ9:<;=> ?@ACBD?EF G
H
IJKLNMOPQﬃRS TUVWXYZﬃ[\ ]^_`Y^acbedgfhijkmlon%pDpﬃqp1rstDu4v wxy z{|}8~ﬁ
N Łﬃ 
 C ﬃc ¡ﬃ¢ £¢ ¤¥¦§#¨©ªﬃ« ©¬­®°¯±
²D³´¶µ · ¸#¹»º ¼
½#¾ ¿ÀÂÁ Ã ÄÅÆÈÇ ÉÊÉËÍÌÎﬁÏﬃÐÐ*ÑÓÒ Ô Õ#ÖØ× ÙØÚÛÜÝDÜÞﬃßàáßãâäÈåæç èéDèêæëç ç ìí1î ïñðòﬃóô õòDöòﬃ÷
øùú ûüþý ß
 
	 ﬀﬁ ﬂﬃ! #"%$'&)(+*+, -.0/21 3 46587 98:6; :<>==?@
ABCED8FHGJIKMLONP
Q RQ STUVWXYZ\[]_^` a6bced fgihjkmlnoprqtsuvewyx\z{_|}%~r
 Or
 Ł 8rM 
 +8> ¡¢£M¤¥§¦H¨©ª¬«
­®°¯ ±²´³µ¶
·°¸º¹»
¼½¾'¿ÁÀÃÂ+ÄeÄ
ÅÄÇÆÈÉ Ê2ËÌeÍÏÎ6ÐÑÓÒÔÕÖ×ØÕÒrØ)Ù ÚÛ°ÜrÝeÞßà áãâäå æçå èé°êëíì°î
ïð
ñòó
ô õö ÷øùúûüý
þ üß 	
   ﬀ ﬁﬃﬂ  !" #$&%'( )*,+.-0/1,2/3 1546&78 9
:0;=<=> ?A@CB0DFEG=HJILKFMONQP.ROSFTU=VJWYX[Z \^]FZ _.`=abdcfehgjikdlnmﬃojphq rsjtvu=whx=y xzd{
|=}~5FFFjŁ=Ah=hj5=J¡ [¢F£J¤¥F£¦ §F¨©¨«ª¬®­^¯°²±³F´µ©¶·±F´¸
¹ºF»¼©½F¾f¿ »ÀÁ©ÂFÃ©Ä^Å=ÆÇÈ É=Ê=ËJÌ
ÍvÎÏJÐÑ=ÒFÓ Ô©Õ ÖQÖf×FØhÙfÚ.Û
ÜÝÞYß,à®á
âQãFäåFæ çJèéFê ëíìFî©ê ï=çð=ñò©ó^ô õJö=÷íøùFú û=ü®ýßþ=þ
 	
 
 ﬀﬁﬂﬃ  !"$#%& '(*),+
-/.012$34567897537:;/< =>?@=<$ABCEDFGIHJCDKLM N
OQPRSJTS UVWX$YZ[\]^_][Y]`a/b cdef	cb$ghijklm ijonpq rs
t/uvwx$yz {|}~||o/JI$ Ł$	  
QJ $ ¡¢£¤¢ ¢¥¦/§ ¨©ª«	¨§$¬­ ®$¯°­ ±²³´µ ¶¸·
¹»º¼½¾ ¿ÀÁ¸ÂÃ ÄÅÆÇÅÈÉÅÊË/ÌÍÎÏÐ ÑÒÓÕÔÖ×ØÙÚÛ ×ØoÜÝÞ ß/à¸á
âäãåæçèéê ãèIëíìîïðñóò ôõöô÷ò ÷øùôø/úûü ýþ ß

	 
 ﬀﬂﬁﬃ
 ! " #
ﬁ%$'&((&)* +-,/.
02143ﬂ576 89:;
<=9?> @A7B
CD@@EDFHGIKJL IM7L NOP
Q4RS=TU V W
R%X7YZZ\[/] ^-_/`
a
bcedgfKhjilkmonopKqsr/tvu\wyxz|{o}'~'y\ŁKlly\'y
\ ¡¢£\¤%¥v¦§¨©yª'«\¬­¯®l°¯±\²'³%´¶µ·\·H¸\¹¯ºK»'¼'½¿¾HÀÁÂ'ÁÃ\Ä\Å
Æ¯ÇÈeÈ'ÇÉ|Ê'ËÌ-ÍÏÎÑÐ¿ÒÓÔ\Õ\Ö'Ö4×\ØÙÛÚÜÝÞß'àKáãâ¶äKå\å\æHçè4éêëíì\îlïyð
ñòeólô\õö\÷løeùúKû'ü/ýßþ 	
ﬀﬂﬁﬃﬃ !"#ﬃ$%	&'(')'+*,
-./02143576489	:;=<?>@BACDﬃEFGIH(JﬃK?L=MMNPOQRR(QﬃSUTV4WﬃXY=Z[\]^4_a`bﬃcId
efghﬃi?jﬃkl4mnpoqﬃr?sptvuﬃwUxyﬃz|{	}?~ﬃ(Łﬃ4=(ﬃ
?=ﬂv¡ ¢¤£¥ﬃ¦ﬂ£ﬃ§(¨ﬃ©«ª¬­(®ﬃ¯?°±2²³?´¶µ·¸4·=¹(¹º?¹¡»¼¤½¾¿ﬃÀÁ4ÂÃ
Ä4ÅÆ	ÇÈÉÊËÍÌÎ4ÏﬂÐÑ4ÒﬃÓÔﬃÕ×ÖÙØÚÜÛÝßÞáàãâäæå?çéè(êëì×íîï×ðvñò4óô4õ2öﬃ÷ø
ùûúúüý2þﬃß 	
	ﬀﬂﬁ	ﬃ	! ﬀ"#$&%	'ﬂ()*)+,.-./0	1
2	3	4657.3	8:9<;==>@?.AB	CD.E6FGIHJLKM.NO	P.QR<QS.TU:VXWY<Z	[\].^_	`.ab<ac.de	fg.h
i<jlk	mn<opqlr.st<uwvﬀxy<zI{}|	~ﬀ	.	<ŁI	.	ﬀ<6<
		 I¡£¢£¤.¥¤§¦¨¨©:ªﬀ«I¬}­<®}¯	°X±.²	³´µ·¶¸	¹º£»¼<½	»¾}¿<À	ÁXÂÃ	ÄÆÅ	Ç6ÈIÉ
Ê<Ë	ÌÎÍ<ÏÐÑÎÒÓ	ÔÕÖ.×ÙØ.ÚÛÜ.Ý	Þßà<áâ	ã	äæå<çèéXêëÎìíîIï:ð	ñòñó<ô.ð	ó<õæö§÷÷6ø	ùﬀú
ûüýﬂþß 		
			ﬀﬂﬁﬂﬃ	 "!#$&%(')+*",.-/	0	132	4
56.7798ﬂ:<;ﬂ=>@?A+B	C<DE	FHG	I	J+KLNMO	PQ9R.SUTﬂVW	WX&YﬂZXﬂ[]\@^._`]ab	c
d.ef+gh&ikjl&m+mon	mqprsuttv	wyx{z}|9~	ﬂ&(	oN	ŁoŁﬂ	
&ﬂ	+(.	". ¡¢u£¤¦¥¨§ª©«+¬­	®¯­°&±+²³o´ﬂµ¶·¸.¹´º»½¼¾	¿UÀÁÂÃﬂÄ
ÅoÆÇ	ÈﬂÅÊÉ	Ë	ÌÍÎ	ÏÍ	ÐHÑÒÓUÔÕ	Ö×
ØÙÚÛ	ÜﬂÝÞàßoáâäãåﬂæç	èﬂé.êéåﬂëì&íîðï	ñòﬂóôò&õô.óöà÷ﬂø½ùﬂú	ûüoýþß 	

ﬁﬀﬂﬃ! "#$%&'(*)+%,-(/.012ﬁ3456798:<;=>!?+@BAC
DEFGHIJLKMNOP<QRSTUV*WXY[Z\]B^_`bacdefgihjk+ljmnopqrtsuv
wxy*z{z*|}~Łb!+¡ ¢¤£¥§¦¨©
ª«¬¬®­°¯¯±­°²³µ´·¶¸¹»º¼½¾¿ÀÁÃÂÄÄ!ÅÆ+ÇÈÊÉËÍÌÎÏÐÑ*ÒÓÔÕ×ÖØ
ÙÚ*ÛÜÝ!Þßàáßâäãå*æçèéêëìí!îïðñò!óôõöðB÷øù¡úûüý!üþß 	
*ß
ﬀﬀﬁﬂﬃ "!#%$&')(	*+,-
.ﬀ/	/0%1234ﬀ56)7ﬀ89:
;ﬀ<=>?@ACB	DEGFIHﬀJKMLONPQRGS	TCUOVWXYMZ[\]G^C_ﬀ`aIbcMd
e	fhgikjhlmnop
qrstﬀuvGwﬀxyzx{}|~
ﬀ)C	Łﬀ	GﬀG
 ¡¢¤£h¥¦G§
¨©«ª¬ﬀ­	¬¯®°±²´³µ·¶
¸¹«º»¼ﬀ½¾G¿¯ÀÁÂÃÄ	ÅﬀÆÈÇÉÊ
ËGÌﬀÍÏÎﬀÐÑ¯ÒÓÔ
ÕÖ×ÙØÚ
ÛÜÝÞGßà
á¯â
ã)ä«åæ)çﬀèé
êëìíî	ïñðòôóõ÷öøﬀù)ú û
üﬀýGþ ß
	
		ﬀﬂﬁ
ﬃ! "#$%'&)(*,+.-/012436578!9;:<>=?@ABCD	ABﬂE!FHGIKJLMN	OPQRTS.UVW.X)YZ
[\^]4_`)a	bdcef	gihj	klmon	p!qr.s!t4uv	wt4syxz|{~})d	.Ł	!Ł
		;!4	) .¡¢.£!i¤¦¥.§)¨ª©«4¬)­¬®	¬)¯«|°±.²³,´µy¶!·ﬂ¸¹º»¼½	¾!¿;À
ÁÂ!Ã4Â^ÄÅ^ÆÇ4È,É	ÊË^ÌÍÎ'Ï)ÐÑÒ	Ó^Ô.Õ×ÖÙØﬂÚÛ4ÜÝÞTßàáãâ.äå.æç)è	èTéëêíììﬂìî
ï	ðñTò	ó.ôöõ÷ùøÙúüûþýß 	
ﬁﬀﬃﬂ !ﬃ"#$%'&(*)+,+
-./'0 13225467689':4;=<'>?<'?@ACBEDF'GIH'GIJKﬃLNM'OPQ'RS'TUPV
WXﬁYZ'[\]_^E`'acbedgfhji=kmlgnpo5q r'stcuv'wyxz{C|'}~Np'
3j=Ł'''ﬃ''c¡ ¢£¤_¥¦§p¨I©ª'«¬­®¯°'±c²³
´µ'¶E·¸'¹'º»¼¾½¿ÀÁ'ÂÃÅÄ3ÆyÇIÈÉCÊËÌÍÎ'ÏÐÑÒÓÕÔÖØ×ﬁÙÚÛ'ÜÝ'ÜßÞ'à
áâ'ãäåçæ'èéæêë'ìîíïðñòﬁóô_õîö÷'øçù'úûüýﬁþß 
	ﬀ
ﬁﬂﬂ
ﬃﬁ! "#
$%&')(*,+-/.021436587)79:<;
=2>?A@)BCEDF
GDHGIKJLMNOP
QRS
TUVWXY[Z\^]
_`a
bcdAegfhEij
klm
nop2ql
nrst
uvw
x^yz{g|}~A
2[/Ł


[
¡ ¢2£
¤¥
¦
§¨^¨^©ª«­¬®¯±°²³µ´¶
·¸¹º»¼¾½¿!½ÀÁKÂÄÃ
ÅÇÆÈ
ÉÊËÌ
ÍÎÏÐ
ÑÒÓ)ÔÕ/Ö×
ØÙÚÛÜKÝ2Þßà
áâãäåæç2è
éëêì2íîïðòñ2ó
ôô,õ
öø÷Eùûúüþý^ý^ß 

	ﬀﬂﬁﬃ! "$#%ﬀ&('*)+)+,-)/.1032454+6-7*819:<;>=-?$@A
B>CD-E1FHGﬂIﬀJ*KMLN-OﬀPHQ*RTSVU1WXZY1[-\>]^ﬀ_+`ﬂ_+ab*^ﬀc*`ed>fhg>i-jﬀj-k>gmln*oMprqﬂstZuvﬀw
xyﬀzﬂ{-|}~-ﬀ-><-1VŁ+*5ﬀﬂ*ﬀﬂ-*1->Vrﬂ -¡-¢>£¥¤+¦*§+¨ﬀ©ﬂª§
«ﬀ¬­¯®+°m±ﬀ²ﬂ³ﬂ´>µV¶·H¸¸·¹ﬀº»½¼r¾ﬀ¿ﬂÀ*¾ÂÁ+Ã-ÄÄÅ*Á+ÆÈÇÉ-ÊÇËÌ-Í¯ÎﬀÏ*ÐÈÑ*ÒÑ*Ó*ÔÈÕﬀÖ
×ØﬀÙÚ*Û*ÜÝﬂÞ-ßáàâﬀãáä-åﬀæ+çﬂèméﬀêﬀë<ìíïî-ð1ñ¥òﬀó5ðﬂô-õﬀöø÷ùûúrü*ýﬂþïß 	

ﬀﬁﬂﬃ! "#!$#!%&('!)*+,	-	*/.0(123547689:/;=<>?@ACBD
EﬀFGH!I!I!JKL!MNPOQ7R=SﬀTVUXWY=Z[	\]^!_	`baccedgfih!jlkm!noprqsut	v	wxPy!z
{|}=~	ŁX!	C!!
r ¢¡£¥¤¦
§ﬀ¨	©ª«­¬®!¬¯±°²b³´µ·¶¸¸¶¹º	»¼¾½¿ÀÁ	ÂÃ	ÄÅÆÁ	ÇiÈÉÊËXÌ	Ì	ÍlÎÏÐÑÒÓ	ÎÐ
ÔÕÖÖ×!ØÚÙÛÜÞÝ	ßàCá!â7ãäå	æèçéêëìí!îïð7ëñCòó	ôöõ	÷øùúûýüþß þ	ü

	
ﬀﬁﬃﬂ !"#%$&'()*+,-.0/213465789:
;<
=>
?@AB
CEDGFIHJKMLNOQPRIST
USV
WYX[Z
\]
Z^0_`
aEb
c0dEe
fc0g
hﬃij
kmlnpo0q
rtsuq
vwyxzm{|}~

Ł
0
Y
¡ ¢ﬃ¢ﬃ£¤E¥§¦©¨«ª
¬­®
¯±°[²³´µ
¶0·¸¹»º
¼0½E¾¿À0Á
Â6ÃÄ
ÅÇÆÈ6ÉÊË0ÌÍÎ
ÏÐÑÒÓ0Ô
ÐÖÕ××ØÙÚ
ÛÜ«ÝÞß
àáMâã
ã
ä0åä0æç
èéEêë
ìì
í0îïð[ñòóõôôöﬃöﬃ÷øEù§úüû«ý
þ ß


	
ﬀﬁﬃﬂ "!#$%&(')*,+.-/"01234556879:	7;
<,=>(?@(AB"CED,FG(HI(JKMLNO"PQSRTUVXWY(Z[(\]^_,`acb(ddcefMghciXj
k(llmno,pqr(sut"vwwx,y{z|~},"(X8		Łu	E
ﬃ, ¡¢ﬀ£(¤"¥§¦©¨ª(«¬"«®­¯§°±8²³²´(µ¶·,¸¹©º(¸»½¼©¾¿¿uÀ,ÁcÂÃÅÄEÆÇ
È"ÉÊ©ËÌ(ÍÎÐÏ,ÑXÒ(ÓÔÕÖØ×ÚÙ(ÛÜ	Ü	ÝÞàßáãâØäåæçèé©é"êSë"ìíîïð,îñòó
ô(õ÷öøXùúû©üþýß  
	ﬀﬂﬁﬃ! "#%$ﬃ'&)(*
+,-/.0%1!+243566798:);<!=>@?>@A)B!CDEFG4HI%J@K!LM!NOPK!QRTSVUW!XZY)[\
]^^_!`abcdeZfg4h)ij9kl!mn)o9p4qr)st)uvwyxzxz{|~}zT

))Ł)%!yzz9yﬂ 9 ¡¢£!¤¥@¦)§¨9©ª)«%¬!­¯®%°²±³!´
µ%¶·¹¸)º»½¼9¾¿²À!ÁÃÂÄÅÆÇzÈ)ÉÊË4ÌzÌzÍÎÐÏzÑTÒÔÓ
ÕÖÔ×ØÙ)Ú)ÚÜÛÝÜÞ)ßà
áâ!ãäå9æçzèêéìëíîï~ð!ñò)óõôzö÷)ø!ùûú@üþý)ß 
	ﬀﬂﬁﬃ
 !#"$
%ﬀ&'(
)*)+-,)./102ﬀ3452
6
7189:;<=ﬀ8?>A@BCC?DEGF-HIJK-L-MONﬀP
QﬀRSTUVWXYZ[]\^
_`-acbde]fgih
j-k-lmno
pq
rtsuwvx-yz{
|~}
--~ŁﬀO-i
ﬀ~- 
¡¢¤£¥¦§?¨©ªﬀ«¬¤­®¯±°²³-´µ¶·¹¸-º»¹¼½¾¿ÁÀÂÃ]ÄÅÆÇÈ-É
Ê]ËÌ-Í-Î
Ï
ÐÑÒÓÔÕ×ÖØÚÙ¤ÛÜÝ-ÞßàáÞâÝOã
äæåèçéêëìﬀí
îïðñòó-òôõ¤ö1÷#øù-ú-ûüýþß
 
	
ﬀﬁﬂﬃ "!#$&%'()*+-,./"012&34657789:;
<>=<>?"@ACB>D
E6FGIHJKLMNOCP6QRSTUWVX&Y[Z]\\^_`aWbc&dfeghikjlmnopqrs
tuwvx&yzf{|}v~C&Ł6f
 ¡£¢¤¥¦§¨ª©«¬­®¯°²±³´¶µ·&¸f¹>º¼»>½¾¿ÀÁÃÂÄÃÅ6Æ ÇÉÈÊË>ÌÎÍÏWÐÑ&Ò
ÓÔÕÖÔ×ØÙÚÛÜÝßÞ6à"áâãäåæçèéê
ë-ìîíðï>ñ]òó ôîõ]ö]ôø÷ùôøï]úüûþý ß
	
 		 ﬀﬁﬂﬃ  !#"	$%'&	(*)+,
-./	.01 /2	354676#466859:;=<>?	@AB?CEDFHGJI	KML NOPQRSNUTWVXYZ[\	]^_Y`
ab#c bd efgh	ijJk#l_m nopq rsotuv#wxvzy {#|}x~{ Ł  #	JB 
 
¡z¢ £¤¥¦U§U¨ª©¬«¬­ ®	¯°±³²=´Jµ¶¶¶·z¸z¹º»¼½¾¿À Á	ÂºÄÃ	Å*Æ	ÇÈ#ÉxÊJË	ÉÌÍBÌÎ5Ï ÐMÑÒ	Ó
ÔÕÖ×Ø ÙÚÛ Ü Ý	ÖßÞáàâ	ã*ä#å	æçè#é_çëêìëí	î#ïðñóò ô õô ö	÷ùøáúzû¬üýþ ß
	


ﬀﬁﬂﬃ "!$#&% '() '*,+.-/011243ﬀ5	687:9; <=?> @98AB	CD?E:F G	HD?F B	CI,J	KMLN	OPQR?S T	U
VW	XZY [:\]	^_`abdcefZghjiklmniodprqjsq tuwv	xyjz{}|?~:	?:	 Ł
:j j 	 	¡£¢&¤¦¥M§¨r©ª«ª¬"­£®$¯°°±¯²³
´ﬀµ:¶ ·¸¸¹"º¼»£½¾¾¿ÀÂÁÃÄÅ:Æ?Ç:ÈÅ:É?ÄÊÃÌËÍÎÏdÐÑ ÒÓÐÔ	Õ Ö×?Ñ ØÙdÚÛÜdÝ	Þ ß	àá?Þ âÌãäãå:æç
èjéëê?ìíÌîïð	ñò:óôõö÷:ø?ùëúüûý þßû  
	

ﬀﬂﬁﬃ "!$#
%$&('*),+-
.0/(/(123.0/(4"5(6(7ﬀ809ﬀ:<;(6(7ﬀ8(809
=?>$@
A$BC D(E$FHGJIKMLONP(Q RS
TVU$WMXOY$Z(["\^],_a`<b0c(c(d(eHfJg
hi jlk
mn"o(plq(rs q(t
u0v(v(wﬀxzy({
|~}( 
 $Łz $(( (
$ (z ¡ ¢ £z¤V¥(¦§$¨
©ª
«(¬­
ª¯® °
±³² ´¡µ¶(·¸º¹,»¼¾½V¿$ÀÁ Â¿$ÃºÄÅaÆ"Ç0È(È(É(ÊÌËÍ$ÎÏÐÍ
ÑÒ$ÓÕÔ(Ö(×Ø,Ù(Ú$ÛºÜ Ý Þ(Ý ß$à*á âºãä$å
æ¢çè"éê è¡ë¢ì"íî(ïðòñ3óóô
õ"ö÷óøúù,ûüþý0ß 
	

 ﬀﬂﬁﬃ !"$#$%&(')+*,-.-/10 23$45 678924;:+<=$>?@A BDCFEGGHIKJLMONPQ
RS TUVWXUY Z\[]^`_a$bcdefg bhji9kjl;mn\oppqjrstuvxwyFz{|}$~\




 Ł$9;
F¡ $¢£¤;¥¦§$¨ª©«¬­«®¯ª°±²´³µF¶\·¹¸º»º
¼
½½½j¾ ¿FÀÁ ÂÃ¾ Ä$ÀÅÄ$Æ¾ ÇÈ½\ÈÂ9ÂÉ¾ ÅÊËÌ;ÄÍÀÎÆ;½ÈÏ$ÅÌÐÀÊÈÄÒÑ
ÓjÔ$ÕÖÍÖ$×ØÙÚÜÛÝÞß$Þàß$áâäãﬂåæFç$èéFê ë9ìíïîñðóòô
õö÷1ø`ùúûüýþ ß
	
	
		 	 
ﬀﬁﬃﬂ	! 
"#ﬀ$!% #'&(*)+ ,.-)+ /
02134	425*687ﬀ9;:=<;:	>@?BAC	D EﬃF.GIHKJ.LMJ.NﬃOﬀPHRQS TTSﬃU.V	WKS XY[Z \^]K_`bacdﬀef!ghﬀiﬃj k.d'l
mon2pq.rs.tuIvxwﬀy
z	{=|}	~=;~		}	~	}=
2	! ﬃŁﬀﬀ
 [. ﬀ ¢¡¤£ﬀ¥;¦=§;¦	¨ª©
«ﬀ¬­K® ¯°	±^²³.´	µ¶
·¸[¹.º »K¼½	»K¾À¿	ÁÁÂ.ÃÄ ¿	ÅKÆÇÈÊÉﬃËÌÎÍÐÏ	Ñ Ò[Ó.ÔÕ	Öﬀ×ÐØÚÙ ÛÜKÝ.ÞÀß
à.áâﬃã.äæå.çèﬀéê.ëíì
îoï2ðñ.òó.ôõIöx÷ﬀø
ù	ú=ûü=ý	þ;ß 	ü=ý

	 ﬀﬂﬁﬃ! " #ﬀ$&%('*)+++,.-0/21354ﬀ6278*92: ;5<=859?>2@ ABDC@ E
F2GHDI J2KMLNPO QRDS5TQUVWﬀXYZ\[5][5^_`baDcdfeg hi2jk5lhmno po
qrbstu2v5w*xxw5x
y
z
{\|D}~5*ﬀ=5ŁD2=* 2 ¡£¢ ¤0¥ ¦¨§ §
©*ª«P¬ ­®*¯2°®5±²³2¯
´¶µ=·5¸¹ºM»¼½¾¿À Á5ÂÄÃÅÇÆ2È*É5ÊËÌ
ÈÎÍ ÏÐDÑ5ÒÏÓÔbÕÖ×ØÙ ÚDÛÜﬀÝÞß*àâábã ä.åæ
çè2é ê ë2ì!í îðïñòﬀñó ó ñôöõ0÷ ø2ùDú*û.ü0ý2þß 2ý
		 
ﬀﬁﬂﬃ 
!#"$%'&(*)+,.-0//213547615809
:;<=>?A@CBEDGF7HIIJLKNMOQPRS T UT VXWZY[\X]Y^
_Z`acbXdegfChij kmlonpqrts
u
v wwyxz{X|{Xv }~0oQXXŁo
y 
 oC
7 5¡7¢£¥¤o¦§¨©ª¬«­X® ¯ ® °±­X® ²³µ´¶·X¸¹»º¼¬½X¾¿ÁÀ
ÂÃÄÅµÆoÇXÈ ÉÊÇXË Ì
ÍÎÏÐXÑÒÓÔÕÖ×¥ØÙÚÛLÜÝÞàßáâ ã
äáåµæçèéêëìí èîCïðCñò ó ôñõöñ÷øó ùLúyûúü
ýXþß 	
						
ﬀﬁ	ﬂﬃ! "$#&%('*)',+ - ',.0/21435,675*8:9;<4=?> @ACBD&E&FHG I7IKJMLON*PQ	Q	R	S
T?UV W,XY7Z[,\]V ^]`_7a bb7cdMe	f7gih7j*kmln opq7r	s*lut viwx7y2z{|}~i	, 7
	ŁM	7*7*!(ŁM	7 ¢¡¤£M¥?¦7§*¨§,©ª,«­¬®,¯°±³²H´	µ¶ ·7¸
¹7º*»½¼	¾	¿ ÀuÁ*Â	Ã	Ä7ÅÆ7Ã	Á*ÇÈ,ÉÊ ÃËÍÌ?ÎÏ Ð,Ñ	Ò	Ó	ÔÕÖÏ ×Ö­Ø	Ù7ÚÜÛ7ÝÞß,à!á7â ã	ä,åæçåè7éêìë
íî ï7ðMñ*òMóõô,ö	÷ø,ùú ô2û(ü7ýþüß  		

ﬀﬁ	ﬂﬃ! " $#&%(')+*	,.-/10 2*4356 798: ;=<>	?9@+ACB	D EFGH	I=JCKMLON
PRQ S=TU	V.WX.YZ\[]^_`acbdef.g&hCi	j eg=kmlonqp	rtsRu=v1wx	y{z	|	|}z	z~
	.=oŁ=$&1!=			1& C¡ ¢£&¡$¥¤¦§.¨m© ª¬«­®	¯=°.±!²9³
´	µ¶.·9¸ ¹º	»½¼¾$¿	¾ ÀÁÂ ÃÄ&ÅÆÈÇÊÉË.Ì9ÍÎoÏ9Ð Ñ	ÒÏ&Ó ÔÖÕ&×CØ	Ù=Ú×RÛCÜ=Ý ÜÞ	ß.ÜÈàá	âàã.ä åÊàæç=è
éëê{ìí	î.ï$ðoñoòóô	õö÷	ø1ù	úûüý	þ	ý	ßüý 	ý
	

ﬀﬂﬁﬃ! #"#$%&('*),+.-0//2103546 7689;:ﬂ<=;>?ﬀ@AB?DC EFGﬂH
IﬂJKLMﬂKN OLPQRSUTVWﬂXYZ*[5\],^0_2`0ab*^0_c.d#e2f0ghhie2fj0eh
klmn opqsrtvuwﬂxyz{5|}~0	ﬀ ﬂŁ s022v *¡
¢ﬂ£¤¦¥§¨ﬂ¤ﬀ£©ª*«ﬂ¬¬;­®¯ ­°	±ﬂ²³ﬀ´ﬂµ ³	¶2·¸U¹ººs»¼½¾ﬀ¿ÀÁÂÃÄÁÅUÆ
ÇÈÉÊ ËÌÍÏÎﬂÐÒÑ5ÓÔﬀÕÖ××	ØÙÒÚ5ÛÜÝÞßàáâ0ããäåçæèéﬀêëUìﬂíîïð;ñòóñôÏõ0öö÷2øÒùúﬂû
üýþ ß    	
 ﬁﬀﬂ ﬃ "!$#%#'&(*)+ﬁ,- ./021.435
6879;:=<?>A@%BDCEFﬁFﬁG HﬁIJKMLDN%OPQSR$TMUVDW"XYﬁZXSYﬁ[]\M^D_]`=ab2bdcfeSgih	jikl]mnSoqp
rs tuvwx=y2zﬁ{y|]}~ d =Łﬁ=]S?S=SS]	i	 i¡¢£] i¡	¤
¥*¦§ﬁ¨©§ﬁª=«©­¬®°¯S±i²²³´µ µ ¶8·¸ﬁ¹·º »¼½¿¾À ÁÀ ÂÃ	Ä ÄÆÅ=Ç­ÈÊÉﬁËÌ ÍÎÏÐÑÒSÓÕÔqÖ2×Ø ÙqÚ
ÛÜÝﬁÞàßá%âãäåæçè"éëêSìí	îï]ðiñò	óôiõ	ðiñòòö
÷*øSùú ûü=ýßþ  
		ﬀﬂﬁﬃ !#"%$&ﬀ')(*" +ﬀ,ﬀ*" -$/.02143576ﬀ8
9:;=<)> > ? @AB%C7DFEGIH7JKLM7NOP QﬀROS TVUXWIY7Z)[\]^ﬀ_a`4b)cedﬂfgh=iﬀjlkmnﬂonﬀpﬀq
rsﬂtﬀtu
v wx7yz{ﬀ|ﬀ} }~lﬂﬀŁ)7ﬀ ) )ﬀ)  ﬀ ¡£¢=¤ﬀ¥¦§
¨F©7¤ﬀªª
«)¬­®ﬀ¯)°±² ¬­´³¶µ·7¸)¹º»¼ﬀ½¾4¿)À=ÁﬀÂﬂÃÅÄÆﬀÆﬂÇÈﬂÄÆﬀÉﬀÆ
Ê ËÌ7ÍÎÏﬀÐﬀÑ ÑﬂÒÓaÔÕÖﬀÖﬂÕ×´Ø ÙﬀÚÛ)ÜÞÝß¶ààÞáﬀâáﬀã%äﬀåæ åÞç=è éêìëíî
ïïað)ñòóôõöﬀ÷ﬀøù öﬀô
úﬀûﬀü
ý ûﬀþß 	
ﬀﬁﬂﬃ! #"%$'&#()&#*+)&%(,)-
.0/123456 6879:<;=>>? @ACBEDGF%H#IIJKMLONPQRTSUVMWXYZ[]\^ _`Tabdce`Tf_g
hijdkmlnpoqrsteuvewExyz{|e}~T} |)  ŁT eT )
¡ ¢£!¤#¥)¦'§#¨)©§#ª)§#¨)«#¬
­0® ¯°d±e²³´µE¶)·¸¹º »¼½¾ ½À¿ÂÁÃ#Ä)Å#ÆÇÉÈÊËÌÊÍËÀÎTÏÐeÑÒÓÔÕ Ö×ØCÙ ÚTÛÜÝßÞàáâ
ãTäåTæçèéãëêíìïîðñ!òó ôñ!ôõöe÷øTùûúTüeýþß 
	
ﬀﬁﬂ
ﬃﬁﬁ 
!#"%$'&	(%)+*-,/.0123ﬁ46587%9;: <=ﬁ9;>7@?	AB;C'DFE G	HIﬁEKJ%LﬁM;NFO'P6QﬁRS%TVUXWYﬁZK['\ ]_^	`%\ a	b
c;d%e	fhg	i j%j%i k	lﬁmViXn'oqprsﬁt%u	v%rpwrx'y;t{z}|#~_	ﬁ#ﬁ	'ﬁŁw_ﬁ
#%' X;ﬁﬁ ¢¡£#¤¥V¦X§'¨	©'ª«¨¬ ­	®'¯ﬁ°;±V²³%´¶µ·	¸ﬁ¹'ºﬁ»¼¾½ ¿ÁÀ	Â'Ã;Ä%Å ÆÀ'Ã
Ç%È	É'É	Ê Ë¾Ì;ÍÏÎVÐ	Ñ¢Ò%Ó'Ô%Õ;Öﬁ×Ø¢ÙÛÚ}ÜVÝÞ%ßwà	á#âVã	ä¢åwæ	ç%è;éêëVì í}î'ë;ï ðòñ_óôõ	ö'÷	øﬁù
ú6ûüý8þß;ß 	
		
	
 ﬀﬂﬁﬃ  ﬃ!"$#ﬀ%&(')*)+ ',.-0/123*4567(8*9:9;<:.=*> ??*@0A.B0C D*EFC
GIH JKLJMNPOﬀQRS TUWV	XY[Z]\^_a``	bcd[ef*gih j	kl j	kmn[o]mkkj	p0qkkjrs	k
tuvwx yzu0{}|~~*0 Ł*aP](ﬀ ¡¢0£¤¥¦§
¨0©*ª«]¬0­®¯ °±*®]² ³µ´·¶¸W¹*º»¼µ½¾¿À*ÁÂÃ.Ä0ÅÆ*ÇÈ*ÉÊÌËIÍÎÌÏ	ÐÑÒ]ÓWÔ	ÕÖ×ÙØ	ÚÛÜÝ
Þ*ßàâá ã	äå ã	äæçèæäääéê.äääæëì
íîï ðñ òôóÙõ$öW÷*øùúüûþý$ß 
	  ﬀﬀﬀﬀﬁﬃﬂ !#"$%'&(*),+ﬀ-.%
/*0'1*2341*05687 9:<;'=*;'>@?BACEDGFﬀH,I.JK'L MNPOQ*RST.U,VXWZY[]\_^`a*bcedBf'g,h
iﬀjk lBm n,o'pqrs<tvuxwﬀy{zx|v}ﬀyﬀyﬀ~
' Ł,vxﬀv *<_ﬃ_''* ﬀ¡*'¢£* ﬀ¤ ¥ ¦¥ §©¨*ª'« ¬ﬀ­® ¯°±*²®.³
´.µ·¶¸¹»º<¼'½¾_¿*ÀﬀÁÃÂÅÄﬀÆÇ,ÈXÉËÊ'ÌﬀÍ ÎÊ'ÏÐ,ÊGÑÒÓ@ÔÕÖ×Ø Ù'Ú_ÔÛ ÜÝÖÞÛ ßﬀÙGàá âﬀá ãäxå
æ]çÝèéﬀêEëBì'í,îﬀïðñﬀòóﬀóﬀôÝõvöxõﬀ÷vøxõvöﬀùﬀú
ûüýþþß 	
ﬁﬀﬃﬂ! #"$%'&	()+*-,./013245!6787:9-;=<+>?8< @>
ABDCFEG'HIJ-KL MNO'PQ:R STU+VFWYXZ:[ \^]F_-`acbdef-ghf-ijbk+l'm-nFopnFq rs^tuvuﬁw
xzy:y{|}	y~ﬃﬁﬁŁﬁ
#:#Dﬁ# ¡¢£ ¤¥§¦¨©-ª¨« ¬:­¦®¯-°±²-³´¯®F²ﬃµ¶·-¸¹ º»¼½z¾¿:ÀÁ
ÂÃ:Ä-ÅÆ-ÆÇzÈ-ÉÊË-ÌÎÍÏ:ÐÑÒ ÓFÔ§Õ Ö×ØÙ-ÚÛÜ:ØÝÞ-ßàﬃáãâzäåæ#çèéÎêìëí-íîﬃï-ðñò=óô
õﬁö÷øõùõ
ú#ûüýþ:üDß 		
		 	ﬁﬀﬃﬂ	 ﬁ!"ﬁ"ﬃ#%$&'(ﬁ) *,+%-/.0,12ﬁ3,4	5176899:;=<9>
?A@BDCEGFIHJ	J	K	LGM	M
NPO QSRTﬁRURVﬁWYX[Z\I]	^_]	`baﬃcdDe/f f ghbiﬃjkmln	o plDqsrtIu	vw xﬁyz[{}|=~G
	Ł  	, I/,ﬁ	 ,		 ﬁ  ¡¢	£, ¤¥¦D§¨©ª «¬,­®¯ﬁ°±	² ³´
µ¶m·ﬁ¸,¹ﬁº»¼½¾ ¿	¾ ÀÁGÂÃÅÄIÆÇ	ÈÉÅÊËÌ	ÍÎÏ	ÐÒÑGÓÔ	Õ	Ö	×	Ø	ÕGÙÖ
ÚmÛÜ	ÝÞàßáãâäåæç è,èéAêsëíìDîï	ðñóòôsõ=ö÷	÷Gøùûúüýþﬁß  ,ß 	ß 
	
 ﬀﬂﬁﬃ! #"%$ﬂ&(')*+%,.-0/(12ﬂ342ﬂ56#76#348 9#2ﬂ78:;=<>@?ABCDE%F0?GHIBJ4G KﬂE
LM4NO#P#Q4Q4P%QSRUT!VIWXUYZ![#\#]ﬂ^_`ﬂacb.dﬂe.fﬂgihﬂjﬂkﬂl.f
m
 	
 
 ﬀﬁﬃﬂ   !
"##
 !ﬀﬁ$ 
"
%
  &
"##
('
)+*-,/.1032547698:.<;>=?*>@/698BA1C:8EDGF5H%IJ*-KMLDG254N8:O:;QPSRGRUT
IWVYX>4967.Z2Y8:H%67F[\8:]G^>2`_Y.Z670:DG4bac8:.Z8DSO10d2%ef8BA1A18<O1.
 	
ﬀﬁﬃﬂﬀ !ﬀ"$#%'&(()*,+-.0/1324567825$9;:<<=>
?A@CBADFEHGJILKNMODQPCRASCTVULWHXLYHWCZC[]\J^'_O`OaVb cedJfLgHh
i jHk lLm l nolCp q rtsvuVwFwyxzwF{ |o}~HoyHoyŁH Hy N  H F  y¡£¢¤y¥o¦
§¨F©F¨Fª «H¨F¬­¯®±°y²o³N°y´µH°y¶¸·o¹o¹oºo»H¼F½F½F¾y¿oÀL¾FÁÃÂoÄÅOÆyÇLÈÊÉHËyÌ¸ÍoÎoÎoÏoÐoÑoÒoÓHÔ Õ Ö ×HØFÙÃÚÜÛÃÝFÞFÝyßàHÝyá¸âoãoãoäoå
æNçLèêéÊëíìyîðïòñóðôöõy÷Êøðùöúyûüýﬃþ±ß 	
ﬀﬁﬃﬂ !"#$
%'&(()*,+-,./01/234576898:;=<>?@BACCD,EFGHI,JKLMNNJOPKQSRT
UVWYXZ[\^]_a`YbcBdfehgikjlmYnoYpqrtsYuvawyxYz{|}~kYŁY
f ¡¢£¤¥¦§Y¨t©ª«¬­®«Y©fª°¯±²´³µYµ¶·°¸¹º »¼½¾¿À
ÁhÂÄÃÅÆÂÆÇÉÈËÊÆÌÍÈÏÎÍÐÉÑÆÒÔÓÆÕÖÏ×ÔØËÙÆÚÍÛÜÚÍÝ^ÞËßÆàáàÜâÆãÆäÉåçæÍèÜéÆêÉëÆìÆíËîðïhñ
òóôõöŁ÷øùútûüýþß 	
		ﬁﬀﬂﬃ "!$#%&')()*+	,	-.
/)021436578:9<;)=2;?>2@BADCFEG$EIHFJIKL2MNPO?Q2RIS)T2UIV2W2X)YZ2[?\)]^
_ﬁ`acbd?efcghikjlnm	oqp$rtsuv)w?xyzc{|~}cﬁk	Ł"c?c
?cct ¢¡c£¥¤§¦c¨c©tª¬«?­t®°¯c±k²k®´³°µ·¶c¶c¸ﬁ¹»º¬¼k½c¾t¼À¿°ÁtÂkÃkÄ?Å?ÆkÇcÈcÉﬁÊ?ÆkÇcÈ
ËÌ·ÍÏÎÐÒÑÓËÔÖÕ×ÕÖØÒÙÛÚ·ÜÒÝ·ÜßÞáàÒâÖãåäÏæ·çÓè»éÖêÒë·éÖìíÒîqï·ð·ñÖòáóôÒïÓñöõø÷ù·úÓûÒüþýøß 
	
 ﬀﬂﬁﬃ! "$#&%('*),+-/.+102	3546*798/:8/;/<=
>@?ABCED/FGHJIKMLON/PQRS@TU$U9VWX/TY/Z[]\,^E_/`]a@bcdefgEhij/jEkml/nopqro
sutwvyxwtwz|{~}w{w||Ł~w|~wu~ ¡w¢£¤¥u¦|§
¨$©Oª¬«&­®$©Oª¬«°¯±²O³(´&³(²Oµ·¶&¸¹¬¸º¬»&¼¾½¬¿·ÀOÁ¬ÂÄÃ&Å9Æ&Ã¬Ç¬È$É(ÊOÇ¬Ë·Ì&Í
Î/ÏÐ@ÑÏÒOÓÎEÔÒ	ÏÕÖ×	Ø9ÙØ]Ú$ÛÜ/Ý/ÞÝ/ß/àâáãåäOæçè/émêëâì9í/î	ïí/ð/ñOð/òïí/ð/óôöõ	÷ø/ùúû
ü/ýþß 
	ﬁﬀﬂﬃﬂ ﬀﬂ"!#$%&'()ﬁ*,+-".0/12/34"5678"9
:;=<>"?@BACDFEGHIJKFLNMOOQPRSSﬁTUWVﬁXYZ\[]^_a`bdcfehgijklminpofq
rBstsuvwxﬁyz{||{|~}~ŁﬁŁ
 ¡£¢¤¥¦§¤¨©ª«¬­® ¯±°³²µ´·¶¹¸»º½¼·¾Ł¿ÁÀÃÂÅÄÅÆÅÇÉÈËÊÌÎÍÏÑÐÅÒÅÓÔÍÎÕÅÖÅ×ÙØ
ÚÜÛhÝÑÞhÝÅßÅÛfàáÎÞNâÎãÅä
åçæÅèéëêhìÎíÎîïñðçòhóÅôÑõóÅöÎ÷ÅõÎø~òföùÎúüûÎýÅûÎþhß 
	


ﬀﬁﬃﬂ !#"%$'&)(*)(+&),-*/.0132'45687)9:;=<%>?@AB)C)DEF/GHGI
JLKNMPOPQSRUTSVWONXUYSZ\[^]`_baUcdaSeS_dfPgPcihPjSkmlonUpPqsrbtPuPvxwzy|{U}b~WbPU}bPS


Ł





 ¢¡
£¤
¥ ¦
§
¨ª©¬«®­
¯°x±²³¢´¶µ¬·¹¸
º»
¸¼½¾
¿¢½À
Á
ÂÃÃÄ
ÅxÆÇ
ÈÉLÊ¢ËÌÎÍÐÏÑÏÒ
ÓÕÔ
Ö×
ØÙ¢ÚxÚxÙÚ=ÛÝÜÞß
àÎáâäã
å
æâÐçéè
ê¢ëì
íî'ïðñ¢òó
ô
õö
÷
ø
ùúûýüþäß 
ßþ	

 ﬀﬂﬁﬃﬂ !"#!$%&')(+*,- ./012435+6789
:4;<=>?A@B4CDEFHGIJKILGMNGIOQPRASTTUVXWYZ[\^]_`a4bc]`Qdeffghi
jlknmporqpsutvxwryz{l|}n~~uxŁp p¡¢¢£¤
¥¦¦§¨
©ª¬«+­ ®°¯u±²´³´µ¶·±¸
¹ º»½¼¿¾+À°ÁQÂÄÃ+Å°ÆÈÇ+ÉQÊÌË+ÍÏÎnÐ+Ñ+ÒÌÓÕÔ+Ö+×ÌØ°ÙÚ)Û+Ü°Ý°Þ°ß+ànáãâÌä+åÏænç+èéÕêìë°í
îðïñò	óõôöð÷ùøúüûðýþõß 
	ﬀﬁﬂﬃ !"ﬃ#$ %
&('*)+&+&(,*-/.1032+4+56.15
768+765691:<;<=?>/@BA3C+DFE1G6H
IKJ?L+M3NPO+Q*RTSFU+V6W6XZYF[1\3]3^+_+`
a?b+c6d+e3fhg3i1jlknmpo?q1r6s+qZt1u*v+w3x6y6v{z+|*}6~1++1Z3l(F1+Ł(
(<*6
(+*61l 6¡£¢¥¤6¦§F¨+©6ª6«3¬l­6®1¯1°+±l­6®1¯²6³*´£µ
¶(·*¸6¹6¸6µ6¸6º+´»h¼¾½+¿+À+Á1ÂF½¥Ã1Ä
ÅnÆ*Ç
È+ÉÊ1Ë
ÌÍÏÎFÐÑ+Ò
Ó+ÔFÕ×Ö1ØÙ+ÚTÛ1Ü6ÝlÝlÞ1ßáà+âäãnåælç¥èlé+ê*ë
ì1í6îï6ð1ñòôóFõ(ö÷
ø
ù1ú1û?ü1ûý+þ3ù ß

	
ﬀﬂﬁﬃﬁ "!#$%&(')!+*,-.
/0132456789":;<=?>@A"BCDEFGCIHJKL3JMONQPRSﬀTR"UVWXY[ZU\V]_^`abc
dedfdghjiklmlnoiqpsrturvxwzy{|~}([qsŁq3
[ ¢¡£¤¥¦s£
§¨©ª«ﬀ¬­¯®±°²³´²¢µ¶·¸¹[ºµ»¶½¼¾¿ÀÁÂ
ÃÄÅÆÇ[ÈÊÉsËÌÍËÎxÏÑÐÑÒÓÕÔÖ×ÔØ_ÙÚÛÊÜÝÞßáà(âãàäåÊæçè[éêëìííîïðñ
òóô[õ÷öøùﬀúûüúýþöøß 
	

ﬀﬁﬃﬂ
 !"$#
%&'
()*
+,-.ﬁ/0
+-123457698:;
<
=:>
?A@BCﬁCDEBFBGBH
EJIKL9KMN
OAPQ7RST
UWVXZY[
\]^
_a`bﬁcedgfhij
ik
lmnoqprs
tvuw
x
y{zZ|W}~e

ﬁ
gŁ


 ¢¡£¤¦¥§©¨ª £¡« ¬®­°¯±²©³´µ±³ ¶ ·¸±¹°º¸» º¼ ½®¾À¿Á¸Â®Ã¸ÄÅﬁÆ ÇÈ
ÉaÊËÊÌÍeÎÏ
ÐÑ
ÒÔÓﬁÕÖØ×Ù
ÚÛÝÜ
Þßeàáâãäå
àâæ$çèé
êìëﬁíîØïð
ñ
òaó ôõ
ö÷øùùûú
üýýþß   
	ﬀﬂﬁﬃ "!#%$ &'$)(*,+-.0/213 4657ﬀ389
:;<=<>?@;A;B;C?EDGFﬀHIFKJL=MONPQ=RﬀSQUTVWYXﬀZ[6\ ]_^a`cbdedfdgih@jklm
nopqrs=o pqYt uv@wxyz{zwz |6v~}ﬀŁŁYﬀ= a
ﬀ ¡ﬀ¢¤£¦¥§ﬀ¨©«ª¬®­_¯ﬀ°¦±¦²³ ´ﬀµ_¶¸·¦¹ﬀ³ º¸» ¼ »¸½¦¾_¿ÁÀÃÂ ÄÅÇÆ_È¸É ÊËÊÉ ÌÍﬀÎÐÏﬀÑ
ÒÓﬀÔﬀÕﬀÖ¦×Ø¦Õ®ÙÚ ÛﬀÜﬀÝ¦Þàß)áâ¤ã¸äæå çè¦é@èëê ì¦í í î¦ï%ðòñôóõöﬀ÷¸øﬀù¦õúüûòýÁþ2ß 
	
		ﬀﬂﬁﬃ ﬃ!""#%$&	'	()*	+,+-*/.ﬂ0	1324567985:4;<
=	>?@ﬂAB=?DCE	FF	GHJIKJL	MNOQP
R STVUW	XYZ[	\]^_	`\acbd	ef	bg	hb9iﬂjkmlnopcqﬂrs	tuvﬂrs	txwy-z{}|-~		
		mﬂŁ		ﬂ	ﬂxﬂm	 ¢¡	££	¤¥m¦D§¨©ªﬂ«¬c­¯®°±²m³´
µ¶·¸¹	º»¼ﬂ½	¾¿ÀÁÂÄÃÅÆÇﬂÈ9ÉÊ-ËÌÍ	Æ¯Î Ï	ÐÑ	ÒÔÓÕÕ×ÖDØÚÙ	ÛÜØ-ÝßÞQàâá	ãä	åæåçßèéêë
ìí	îï	ðñðíî3òó	ôöõ÷øúù	ûûüýﬂþß	ûþ 	

	ﬀﬀﬀﬀﬁﬂﬃﬀ
 ﬀ!#"ﬀ$%'&)(+*,.-ﬀ/0213456ﬀ7ﬀ8:9;<ﬀ=ﬀ>@?BADCFEGIHJLKMﬀN'OQPQRLSTVUXWYZ'Y2[]\^_
`bacdfeﬀghjiﬀklm'n)oprqstuvwxﬀyv{z|}{~ﬀﬀfﬀ'Łﬀ]
'ﬀﬀﬀ ¡£¢¥¤§¦¨©fªﬀ«¬j­®¯'°ﬀ±ﬀ²³´+µ¶·'¸ﬀ¹º»ﬀ¸ﬀ¹¶¼:½¾2¿ﬀÀÁ
ÂﬀÃ¥Ä)ÅÆÇÉÈÊËÌÉÍÏÎÑÐÒÔÓÖÕ¥×ﬀØÙÚÛﬀÜÞÝßàáâäãÖåæ'çÑèéêëÑìíîïÑðñóòõô.ö÷ùøúûäüÖý
þß 
	ﬀﬂﬁﬃ! "$#&%''(*)+-,/.10*2*35476*89:1;76=<>
?=@BAC=DFEBG=H=G=I=JLK=MON=PBQFRBSTQN=U=VFWX=X=YLZB[\T]_^=`=`a[FbBcedBfBgih=jLklnmBoFpqr
s1tuv/w*x1uw*y*z{|~}5*}5|1**17Ł1*5*17*aŁ1**/
*1
**1 ¢¡£7¤¥§¦a¨ª©«­¬*®¯±°*²³
´*µ1¶°*·*°*´a°*¸1³º¹»¼1½º¾¿
¾À1Á*Á*ÂÄÃÅÆ¢ÇÈ1È1ÉÊ­Ë5ÌÍÏÎÐ
ÑÒÓ1ÔÖÕ*×1Ø5ÙÚ1Ø±Û*ÜÝ1Þàß-á âã1äå§æaç*ç=èêéëìëíîÏïð*ñòó7ôöõ~÷ùø
úûüýøÄþ*ß 

	ﬁﬀﬁﬂﬃ "!#$
%&'(*)+-,./*021345678
9:;<
=>?@?BACDEGFHJIKMLONQPSRTJUWVYXZ\[]^B_a`bcdJeafghifjkBlm
nopqrontsuvwyxWz{|}~tŁŁ\tG2
 ¡¢£¤J¥§¦©¨ª¬«­®¯O°²±³´¶µ2·¹¸ºG»M¼½½¾À¿
ÁÃÂÄÆÅÇÈ²ÉOÊÆËÍÌ²ÎÏÐ
ÑSÒÒÓÔÕ×ÖaØÙÚØÜÛÝÞàßáâã\äåæçèÜéêëê2ì*íîïðñò2ó*ôõöy÷øùúûüþýß
 
	ﬀ
ﬁﬂﬃ ﬃﬂﬃ!"#$%&('*)+-,/.01234012657
89:
;<=>;?@BACDEGFHJIKLNM*OPQRSTUVMXWZY[B\]^`_abbacedfghiNjklnmop
qrsteuvwx*yx*zu{n|v~}}nŁe
 ¡¢¤£¥¦§¥-¨¥©ª§©«­¬®¯*°±²´³µ¶·¸¹µ¶·Nº»¼½¾¿¤ÀÁÂÃÄ-ÅÆÇÉÈ*ÊËËÌÍNÎ-Ï
ÐÑÒÓÔÕÖ×ØÙÚÛÜÝÞàß
áãâåäçæéèëêíì
î ïðòñôóõön÷øùúûü-ýþß 	
 ﬁﬀﬂﬃ
 
!
"$#%'&ﬁ()*+-,/.10
2435$6$7098:;=<1>?A@ BDCEGFIHKJJJLﬁMNPOQRST$UVXWYXZ
[]\^D[]_a`b]c\daegfihajak]lnmoapq]osrutavaw]xDyz{a|~}aDs]a
ŁK ¡£¢¥¤¦§©¨ª$«¬$­$¨®¯°²±K³´sµ$¶$·ﬁ¸¹
º»¼-½¾4¿À¾¾ÁÃÂ$ÄiÅÆÇÉÈ$ÊÈ$ËÌÍÎÐÏÑÒiÓÔÕÖ×ÙØÚ$ÛÜÝÞ$Ú$ßàáãâÉäå©æäç4èé$êäë$ìîí
ïñðòôóﬁõö÷øIù$únûÉüýþß 	
ﬀﬂﬁﬃ ﬀﬂﬀ"!#$
%&'(*) +,-/. 0213457689 :;86/<>= ?@BACDFEGHI JLKNMOM/PQSRNTTUWVX
YZ[]\ ^_`_abcﬂdcfeg hNikjlmonpq q>rstWuvwoxy{z|}"~>WŁ>
>o] f7 ¡{¢¤£¥ ¦§¨©ﬂª©¬« ­¯®°]±L²´³¶µ¸·º¹»¼¾½¿
ÀÁÃÂÄÅÆÈÇÊÉÉËÌÎÍ´Ï¯ÐÑ¶Ò>ÓÔ ÕÖ×ØÙÚÜÛÝßÞàÈá2âã¶äåäæ çﬂåèéêÈëìí>îÃïðÈñòó
ôöõø÷úùúûýüýþ ß
	ﬀﬁﬃﬂ 
!#"$&%('*),+-.0/21
3456
7(899:(;<=?>A@CBD(EFHGIAJKML(NO(PQARS?TVUWAXZY\[A]^(_`ab?cAd0ef(ghAij(kl
mnpoAqsrut?vxwAy?z({?|(}~uApp((#xŁA(p(?p#A(?# AuA? (x¡(¢
£A¤¥?¦¨§ª©A©«A¬®­°¯²±(³(´(µA¶u±¸·¹pº(»(¼?·A¼?½?¾(½¼?¿AÀMÁÂ?Ã(Ä?ÅAÆÈÇÊÉ(Ë
ÌÎÍ(ÏÐAÑuÒ?ÓAÔ(ÕpÔÖ×Ø
ÙAÚÜÛAÝAÞàßAá(âàãpä(å?æ?ç(èå?äÜé(êAëAìíAîAïñðpòó#ôuõAö÷(ø?ó(òúùû?üAýAþ(ß 	


ﬀﬂﬁﬃ !"#$ﬀ%'&)(ﬂ*ﬂ+,-/.'01243256ﬀ789):; <=ﬂ><?ﬀ@BACD4EFG
HIJK)LNMOPQRTSUﬂVWYXZ)[]\_^`abc)dNefhg)ijlkmonn)pqsrturvxwzy|{)}~4
)Ł|B|ﬂ4	 )¡£¢¤¥|¦§¨§©Bª«ª­¬®¯°±
²³µ´·¶·¸¹ﬂº»4¼½¹ﬂ¾À¿ÂÁÄÃÅÆﬂÇ)ÅÈÉÊËlÌÍÎÍÏ)ÐÒÑ)Ó'ÔÕ)ÖÒ×Ø)ÙTÚÛÜÝ ÞßàTá âãäåä
æzçéèëêzìîíïêzðòñôóﬀõzöø÷òùûú­üzüzýzþûß 	

			ﬀﬁﬂﬃ 	!
"#$#	%'&%'(	)$"**'+-,'.	/0'1	2	3547689':;=<>'?	@$ABDCE$F	G$HIFKJMLN$LO$PRQTS=UV
WYX[Z\X[]_^[`a^[ZcbedfX[`abagih7jYk\lYmYlinpo[qsritvuxwYyYzi{s|[}~YacYYYaŁa
$YY$ Y$¡¢£¥¤$¦$§¨§$¦¨©ªY«¬­®$¯	°²±²³[´¶µ·	¸²¹²º»²»²¼²½²¾	¿²À²ÁÃÂcÄÆÅ²Ç'ÄÆÅ²È²ÉÆÊcÈ²Å²Å²Ë²ÌÍ$Å	ÄÆÎÏ²Ï²È²ÐÑ²Ò²Ò²Ó
Ô	ÕcÖØ×ØÙÛÚ ÜcÝÞ¨ßØàØàØáãâØäæå ç5è$éëêíìaîÛï ðñaòôóëõöc÷ØøØù5ú'û üÛýþØß   
	
ﬀﬁﬂﬃﬃ !ﬃ#" !!
$&%(' )+* *-,
.0/2143530687092:<;>=?@BADC5EF2GHEJI4K4LNMPO5QBR0ST5UNV2W4T0XY[Z0\2]5^`_2a#b`adc2e
f8g`h5i4j2kli4m2h5l`m2i4n[o8p5q0r#s2t4p0o8p5u2vrJw`xByz2{}|#~22`42250<Ł24`
 N¡ ¢£¥¤¦§©¨ª«­¬®¯N°±²²³<´¶µNµµ·<¸¹º­»¼½¿¾ÀÁÂ
ÃÄÅÆNÇÉÈ`ÊÉËÌÍDÎÏÍDÐÒÑÓÔÔ8Õ>Ö×ØJÙÚÚÛÜÝÞJßàJáãâä0åæNçèæJéêëNìíî
ïðñòóNôõ÷öùøúûüýDøþö-øß û 
	
ﬁﬀﬃﬂ !#"%$&(')
*,+
-./1032456
798
::,;<
=>8@?>A
BDCEF1F3GIHJKJ>LJM
HON3PQ9RS
T>UWV
XYDZ[\]1^_
Z\`a
bdcfegih jlknm1oqpsr
t1uwv
xyz{}|~ 
Ł9

3

w
#,

 ¢¡£¤Ł¥§¦¨©
ª¬«%­¯®
°°±3²®
³
´µ
¶¸·¹º»¼D½3¾Ł¿ÀÁÂ1ÃÅÄÇÆ
ÈﬁÉ¢Ê ËÌ
Í1Î@Ï1Î
Í3Î
ÐÑ
Î
Ò#Ó#ÔÕÔÖ×ÙØ
ÚÛ
Ü3Ü3Ý>Ø
ÝÛ
Þßà§á
â
â
ãäåæçåèÙé3êëíìïîqðñ1òóôõ
ñ1ö÷ïø
ùúû3üúý>þ
ßù 
	ﬁﬀﬂﬃﬁ "!$#&%('*)+,-/.01.234256
789:;<=?>(@A9CB DFEGHIEJJLKMONP(QRTSVUUWXYZ[\$]^_a`bcedfg&hijkmlnnpo
qVrrrstOuvwyx(z|{}I~V
Ł?p?
 /$ ¡¢¤£¥¦§y¨©(ª¤«¬­®¯°²±I³´µ¶·¸µ¹¤º»¼½¾¿ÁÀÂÃÄÅÆÇ
È/ÉÊËÌÍÉÏÎÐÑ4ÒÓÔÕÖ×4ØÏÙÚÛÜÝÞßáàâÏãäåæçéèêëìíÏîïïðÏñòó4ôôõôö÷
ømù(úûýüþß 
		ﬁﬀﬃﬂ !"#$&%')(&*+(&,-.&/10&23546&789:
;<=>=<=?@ﬃ=BACD)EFGHIJ&KLMNJ&KLPO&QPRSﬃSTU)VW1X&YZB[\]^`_a)b&cd
egfihkjklkmonqpsrgtiukvxwoy{zo|k}~gog{Ł`kokiqkiogg 
¡£¢¤¥&¦P§£¨&©&ª«¨&¬­®°¯²±³B´µ¶·&¸P¹º)»&¼½£¾¿À5ÁÃÂ1ÄÅﬃÆÇÈÉËÊ&ÌÍÎÏÐÑÏÑ
Ò£ÓÔÕ&ÖÔ×ØÕ&ÙÒ£ÓÔÕ&Ò£ÚÛÜﬁÝÞßàáâãäå°æﬃçè)éêëìﬃíïîðñòôó&õ)öø÷ùú
û&üýþ ß
		
			ﬀﬁﬃﬂ	 !"ﬁ$#&%'	('*)+",.-	/102	34)5",
67	8"9;:	<=ﬃ>?A@"BCDE1F;G	HﬀIJKL	JMﬃLN.O	PQR1STU"VW	XTUVﬀY	Z	[\]\[^`_ a"b	cd&eff
g	hjiklmonqprs"tvuxwy`z{"|~}		ﬃ}		1jŁo.""		&
 &¡¢£	¤¡¥¦	§©¨ª"«¬®­¯°±	²´³1µA¶ﬃ·¸¹¶ºA»"¼®½¾¿ÀÁ"ÂÃÅÄ	ÆÇÈ;ÉËÊÌÍÌÎÏÐAÑ	Í
ÒÓ	ÔÓÖÕ1×	Ø×	Ù	ÚÜÛÞÝß1àáàâ"áã	ä	åçæﬃè	é	æ.ê"ëé	ìÜí	î"í	ïðÞñò*óõôoö"÷Aøùú	ûü	ý
þ ß
	
ﬀﬂﬁﬃﬃ "!$#&%ﬂ'()	*+,.-0/1324
57698:6957;:5=<:>@?9AB@CED:F$G@H:I:J:KMLN OQPSR9T	UWV@XYX[Z:\@]9V@^9_@`baYc@d9e	fhghi9jk:l@m
n:o	phphq:rYs	t:s9u9s9v@rxw:y"z@{|:}:~$ @@Ł9S9:9@E@:.[:0	:
: h¡9¢:£¥¤@¦:§©¨@ªh«	¬@­¯®9°±³²S´@µ0¶¸·@¹:º©»[¼@½9¾9¿¥ÀÂÁ9ÃÄÆÅ¥Ç9È@É:Ê@ËÍÌ:Î@Ï
ÐÒÑ3ÓÕÔ3Ö×Ñ3ØÚÙÛÝÜßÞáà3â×ãÞáä×Þæåç3è×éÝêìëMíﬂîÝï×ð3ñóòÝô3õ×öÕ÷Qø×ù3ù3ú×ù3û×üÝû×ý
þ[ß  @þ
	ﬀﬁﬂﬃﬀ !#"$%'&)(*,+-./02135467
8:9<;>=:?<;>@BAC=:DFEHGJILKNMBO<P>Q:RTSCU>V:P>WYX[Z:\<]>^B_C`:aLb<c<dTeBf<gLh[i:jlkBm<n:o
pqrqtsupvwxszy#{|}~
'Łxz
z#'z#
 ¡¢
£¤x¥§¦'¨©ª«¬­®¯°±²³#±µ´¶·¸¹Yº» ¼½¾¿§À#ÁÂxÃÄÅ'ÆÇÈÉ)ÊÌËÍÎÏÐÑ)Î
ÒrÓÔÓÕÖY×ØÙÚÛÝÜÞßàátÞãâ
äråæxçèéNêxëìíîðï ñòóõô÷öùøûúýüßþ þ

	
ﬀﬂﬁﬃ! "#$%'&)(+*
,-!./
02134,567849:!;<>=
?@
A
B4C
D>E>F2GHIJK
LNM>OPQR
SUTWVXYY2Z[4X]\^_>`>a
bdcefgihjk4l
mno
p>qrsut
vxw
y4z>{|
}~

4ﬂ
2Ł

2


ﬂ ¡¢ £¥¤§¦¨ª©
«ﬂ¬­
®ª¯°±³²´>µ!¶¸·¹º»
¼½¾
¿ÁÀÂÄÃ!ÅÆÇ
ÈÊÉËÌÍËÌÁÎ
ÏÐªÑÒÓ4ÔÕÖ×
ØÙÚÛÜÞÝß
àáâäã4åæçéè2êìë
íîïð§ñóòÄôﬂõõö÷øúùûüäý4þ
ß 
	

	

ﬀﬁﬂ
ﬃ "!#%$&
')(
*,+- ./0ﬀ1
23546 798
:;< =?>A@BBDC)EFGEHJI?KML
NPOﬀQR
SﬀT
UVWXYMZ[\]
[^_Z`
^[ba%cd
e fg)hifj)kMl
m npo qprsutPvxwy
z {ﬀ|}~
~~{

p 

Ł
ﬀ
ﬀﬀ

 
¡)¢£¥¤¦§ﬀ¨©ª)«¬­®¯°
±²³
´µ)¶
·
¸¥¹ºp» ¼¾½À¿ÂÁÄÃÆÅÈÇÉ
Ê¾ËÌ
ÍÎ)Ï
ÐÍÑÒÓ)Ô¾ÕÖ×
Ø
ÙÚ
ÛÜÝÞÚ
ÞßàßÞâá
ã
äåpæ å
çèêé)ë?ìîíïÆð
ñ ò?ó¾ô"õ)õ÷ö)øJùûú)üýâþßJý 	
ﬀﬁﬃﬂ !"	#$%&'
(*)*+	,-	,./(02143*5/673*8	9:<;5=	>?2@	AB<CED/F	G*H/I	JD/F	KMLN	OQPR*S/T/U7V4W/X	YZ*[4\/]	^
_`ab`cdefdabgfh`efgijﬃklnmpoqrsﬃtuwvxfy{zb|<}}~ﬃŁf
pbf4 ¡¢£b¤f¥§¦¨©fª«¬­®¯f°b±²³f´µ¶w·¹¸ºb»¼
½¿¾À/ÁÂ	Ã/ÄÅQÆ/ÇÈQÉ2Ê	Ë	ÌÍÏÎÐ	ÑÒÓ*ÔÕ/ÖØ×QÙ/Ú¿ÛÜnÝÞMß7à/áâ<ã4äå/æMç	èéê	ë*ì
í	îï/ð7ñ/ò*íï2óô	õ	õö/÷Øø*ù	úüû	ý*þ7ß 	
			ﬁﬀﬂﬃ! !"#%$	&'
()%*	+	,-*/.102	03	465879;:<%=1>?%@	AB	A@%C	DFE;GH	I	JKML	N	OPQRTSﬁUVWSXZY[!\	]^
_`badce	f	gMhji	kmlnoprq!st%u	vw!st%ubxyyz	{	|%}~!		bb		Ł		
%	!	%	 ¡¢M£¥¤¦	§¨ª©¬«®­T¯¥°%±²³	´µ¶	·¸º¹»M¼½¾¿À%¾ÁÂÃ	Ä
Å	Æ%Ç	È	É	ÊºË	Ì1ÍÎÐÏÑÒMÓÔÏÒ1Õ!Ö×!ØÙÙÖÚÙÙÛ1ÖÝÜ	Þàß%á1â1ãäå!æ%çﬁèåMé	äèé	åMêìë	íîí
ïð	ñ	ñ%òïﬁóôõ	ñìö÷%øùûú%ü	ýþÚß ú	
ﬀﬁﬀﬂﬃ! "#%$&'(ﬁ)'*
+!,--	./10243ﬁ5678!59;:<	=>?ﬁ@;AB1C	D1EF1GIHﬁJKLM	NPO	QPR!ST;UVXWYZ[
\]^_`aﬁ]^_%bcdﬁcfeghfij	klmnm	oqprs	rtu%vfwyxz	{|}~!v 
Ł1y	¡ £¢	£¤¦¥	§¨£©«ª¬­¯®£°±³²®£´¡µ·¶¸£¹º1»¼¾½¿À
ÁÂÃÄÁÅÆÁÇÈ	ÃÉËÊ!ÌÍ	ÎÏﬁÐÑ	ÒÓÔÕPÖ×ØÙËÚﬁÛÜqÝßÞà	á³âIãåäæqçßèéê³ëìíåî!ïðñò
óôõö÷øËùúûü	ýyþû¯ß 
	ﬀﬁﬂﬃ !"#$%'&)(
*,+ *-/.0132/465879:<;>=@?<ABCD@EFGHJIKL/MNNO@PQRSTUVWXYZ[\]^_
`badcfehgjihkblnmfoqpsrjtvufpjmfowbxzyb{s|~}bqsbqbbhŁjsbf'hjbb
/ ¡¢£¤ ¡¢n¥¦§¨ª©««¬­®¯±°j²´³µ¶·¸)¹º³q»½¼¾¾¼¿ÀÂÁÄÃÅÇÆÈ
ÉÊÌË)ÍÎÐÏÑ~Ò)ÓÔÖÕ)×ØÚÙÜÛÝÞàßáÌâ)ã
ä~åæç)èéÖê)ëÌìníî)ïñðòôóõôöÚ÷Öøùúôûü)ýþÌß
 
	
ﬁﬀﬂﬃ !#"$&%(')+*,-/.1023/465798:;<=>
?A@BCEDFHGJILKNMPOQ(RSTVUWXYZ\[^]A_a`bdcegfhiﬁjlknmgoqprtsuvxwyz({x|}q~
PŁŁJN ¡¢\£¤¥¦§¨H©^ª¬«­P®¯°±
²P³´µ¶·¸¹»º¼½¿¾ﬁÀÁÂÄÃÅÆÇÈÉÊÌËÍÎÏÐÑÒÍÒÓÎÔÐÍ&ÕÖ×+ØÙÚﬁÛÜÝÚÙ
Þ ßáàPâãäåæ^çèéêìëJíîï(ðìñJòòóôìõö÷+øùPúûüûýþ ß
	

ﬀﬁﬂﬃ! "$#&%ﬀ'$(*),+-/.0213245768&9:$;=<>?@A&BCDﬀBEF2GHCIJ7KMLNOPQ
RTSUVUWUXZY\[]ﬀ^`_abdcfeg2hikjTlmnoqp$rstﬀuv2swyxz{2|}~Zdﬀ,
TŁﬀ  * ¡£¢¤ﬀ¥¢£¦§©¨Tª«2¬ª®­¯$°±³²´µ¶·´ﬀµ¸$¹©º»
¼f½¾¿¼,Àﬀ¿2ÁÂ/ÃÄÄÆÅ$ÇÈÉËÊﬀÌÍÎ$ÏÑÐ2ÒZÓÔÕÖ×Ø,ÓÙ/ÚÛ/ÜÝÞyßàﬀááâ/ãäå$æäçèËéêë
ìíïîñðÆòôóöõÆ÷ùøôúÆûýü*þÆß 	

	ﬁﬀﬂ
ﬃ "!
#	$%'&()*+-,
.0/1/12436587:98;6<>=:?A@CB:D:E8F8G4BIH4J8KCKAL4M1J8N4JPO8J8Q:MSRAT4UWV1X:YPZ\[:]4^`_4acb8dAePf:g4h8i1j
kml1noqp r	s6tCuwvyx:z4{}|8~:4~:C:|84A~:Ł' -Cy:::4Cc84WPW84 ¢¡1£:¤8¥8¦
§A¨8©4ªc«0¬C¨8©4ª®­c¯0°C¯:±²:³8²:°A´Pµ¯-¶8·8¸4¹®º4»½¼¿¾4ÀcÁ4Â®Ã:ÄÆÅ4Ç8ÈÊÉAËÌ4ÌcÍ4ÎÐÏ:ÑÒ4Ó8ÔcÕ4Ï:Ö
×8ØÚÙ8Û4ÜÞÝ:ß8àCá:â4ã8ä:å8ß8æ4çﬁèé4êcë:ìí¿î¿ïcðòñôóöõø÷ùûú8ü4ýßþ 	

ﬀﬁﬂﬃ "!$#%'&()*+,-/.012354678:9;=<>?:@AB?'CDE5EFGDHDI$DJGLK
MNOLPQ:RSUTV:WYX5Z\[$]\^$_`:acbdfehgi:j5k$l$mnLoprq/sthuv5wxhyYz{\|$}$~55$:\
Ł5$:: ¡¢£$¤¥¦5§¨©«ª¬­®ª¯:­±°	²
³´µ¶·¸º¹
»½¼¿¾ ÀÂÁ	Ã ÄÆÅÇÉÈÊÌËÎÍÏÅ±ÐÌÑÓÒÔÌÕ ÖÌ×ØÆÙÛÚLÜrÝßÞ àâáãÌäÉÞ àâáæå çâèêé"ëÉìÏèîíÆïâðÏñÉòÎóLíâðõô÷öâøøù\ú
ûüýþýß ü	
	
	ﬀﬂﬁﬃ	 !	"#$%$&
'	$(*)+	,	-.
/	0213
456
798:;<>=?
?
@A	?
B
CAEDGF HJILKNM
O
O
M
IP	Q	QRSTVU	WYX
Z[]\\	^E_G`bacd	e
f
g2h
i	j	kmlbn	oqp rts	uwvyx]z	z{}|~b	

	ŁŁ			
t]]t
 t¡ ¢£t¤¥
¦Y§G¨
©
ªN«¬	­	«®
¯°	®
±Y¯²w³´	µ	¶
·¹¸
º	»	¶
¸Y´	µ¼
½¿¾
ÀÁGÂ	ÃÃ	ÄÅÆ¹Ç	ÈÄÉÊ
Ë	Ì	Í
Î¹Ï
ÐË	ÍbÑÒ	ÓÓ	Ô
Õ>Ö
×ÙØ
Ú	ÛÝÜÞ	ß¹à
á>âã
ä
åæ	ã
ç
èJétêë	ì
íîï	ð
ñòóbô	õö÷øúùtûü
ý
þß ¹ß 	
ﬀﬁﬃﬂ	 !"$#%&%&'(')*+,-/.012ﬀ3456
789;:<=>?<<@BAC&DEFGHIKJLﬀMNOQPMRJLSTVUWXY&Z\[]_^$`aabced fhgikjlnmo
pqrsutwvxyz|{}~Q&|ŁuQ$ R¡&¢Q£¤¥¦§¨
©Rª¬«®­°¯±¬²´³µ¬¶·´¸\¹\ºB»n¼½¿¾RÀÂÁnÃRÄ´Å\ÆÃ´ÇRÈÊÉÌË\Í\ÎÏÑÐRÒ¬ÓwÔÖÕ×Ø¬Ù¬ÚÜÛÝßÞÑà\á\â¬ã
äåæﬀçè&éêëìä¬íî_ïðñònóôõﬀöø÷ﬀùúûküþýß 	
ﬀﬁ
ﬂﬃ "!$#&%'$(*)+-,'/.102*3"46587$9:/;-</=?>/@6ACBDFE8G$H$IJK$L*M*N$OCPRQS$TUWV*X
Y[ZZ\]\^_a`bacedfghjiklmnoqprstuvsawyxzx{|}~j[~aŁ
[R[ ¡¢£¤j¥¦§©¨ª¬«­®¯°R±y²³´µ¶¸·[¹ºR»¼½¾e¿ÀÁÂÁÀ
Ã ÄÆÅÈÇÊÉËÌÍÎÏÑÐÒÓÔRÕÖ×ØÚÙjÛÜÝÞàßá©âãäåjæçèâêéëìíîïðñÚòóôêõ÷öø
ùûúü-ý-þ-ß 	
ﬁﬀﬂﬃ !"#$%'&)(+*,-.)/012/345
687:9<;>=@?@?BADCFE>GIH<J:KMLONQP@R:ST
UVWYX[Z]\B^:_@`Iab`IcM_@d@^:egfIhMi:jIkIlnm<oqp8rIs@tBubvbw@x<y:zI{}|@~:<:II]>@<@:g@
Ł@@}M@Q:::I:I::I<I:[I@I n¡>¢I£M£¥¤:¦Q§:¤:¨I¦b©Bª@¨I«¥¬I­}®I¯:°:±Q®O²M²M®I³
´@µ·¶@¸<¹»º<¼I½:¾M¿@À@Á·ÂQÃIÄBÅ@Æ:ÇÈÉ Ê+É Ë>Ì@Í·Î@Ï:ÐÒÑQÓIÔ@ÕIÖ@×@Ø:ÓÚÙIÛ:Ü:ÝBÞbß@à:á<Ý@ß@Û:Ü:âäã:å
æ@çIè>é:çIêQëOæBì:êbçÚíIî:ïñðMòIó@ô@õ:ôBö@÷·ø@ùñú@û:üÚý:þIß 	
	ﬀ	ﬁﬂﬃ
 "!#	$&%'(	)(+*-,	./02143	565879:7;	9<=;	>8?	@A	BCD+EF&GH	I6JKLI6H+MN
OPQ	RSTRSVU	WX4YZ6[\]_^`acbedfg	hijk-lm	nopeqrstu	vwxyz{	|	}V~4
-Ł	e			Łe	-	 ¡¢	£¥¤§¦§¨©ª«¬­	©®°¯²±´³µ¶·µ¸¹	º»
¼4½¾½¿À¥Á-ÂÃÄ	Â¥Å6Æ	Æ	Ç4Å-ÈÉËÊÌÍeÎ	ÏÐ	ÑÒÓÎ	ÏÕÔËÖ×ØÙ	×ØÚÛÕÜÝÞ4ßà¥á	âã	äåæç
èéVê-ë	ìí	îï	ðñòó2ôVõö÷õø	öeùúø	û"ü ýßþ 
	ﬁﬀﬃﬂ ﬂ !"
#
$&%')( *+-,/.01 23465879: 7<;=<>?@BAC DE-FGHI<J K
K LMNOPQ RSTﬃUWVXYZ [
\]^_` a ^cb)dedfghjik lmonpoqrWs tuv wyxz {ﬃ|} ~y 
 )&oŁ)&

<W j<  ¢¡£¤-¥¦ §¨© ª «¬&­®ﬃ¯<°±<²³
³ ´µ¢¶ ·¸¹º¸
»¼ ½¾½¿ÀÁÃÂÅÄ ÆÇÈÉËÊÌ ÍÎ&ÏÑÐ ÒËÓÔÕÖØ×ÙÙÚÛÝÜßÞ8àá8â ãâ äæåèç&é
êØëì íﬃî ïðíﬃì ñ
ò
óôöõ÷ﬃø ù úõúûü ûúýþßø ü	
		ﬁﬀﬂﬃ "!#$%'&()
*	+,-./10'23546789:<;=5>'?@A<B5CDEFGIH'JKKLH'MON'PQN'RSTRUSWVOXY5Z[\]^
_`ba'cdefhg	ijklm	ijkonpqrsrtubvwyxz{}|	~'	hŁW}h
b ¢¡£¤¦¥£§¢¨ª©«¬­®¢¯°²±£³´µ¶¸·£¹¢º£»½¼¾¢¿ÀÁyÂ£ÃÄÆÅÈÇÉ¢ÊËÌÇÍ£ÊËÌÎ
Ï	Ð}ÑÒ}ÓÈÔÖÕ×ØÙÚÛÜÞÝßàábâWãäæå<çèéêìë í}îïð1ñò'óôÞõöo÷øùúbûüüûý
þß 
	ﬀﬂﬁﬃ ﬃ!"#ﬃ%$&('
)*+,-.%/102354678:9;<
=>?@AB(CDFEGHJIKLMNOQPSRUTVXWZY[\]^J_`a#bJcdfeghJijklmno
pUqrst
uvxwyz|{#}~1ŁZ1x1
 |¡1¢£¤¢¥x¦§¨©
ª«¬®­
¯®°²±´³Fµf¶®·¹¸»º¼¾½À¿ÀÁSÂ¹½
Ã¹¼ÅÄ¹Æ²ÇÉÈ¾ÊÀË
ÌÀÌÎÍ®ÏÐÑ¹Ò²Ó
Ô¹Õ
Ö®×Ø®ÙÚ²ÛÀÜ
Ý¹Þ®ß
Ù¹Ú²ß
à
áãâZäåæçéèêëSìíãîïéð#ñòð:óôó
õö÷øéùúûüýûþ#ß 
	



ﬀﬁﬂ
ﬃ 
!""#$%
&('*),+-
+./0+1+23254768
9;:
<=>
?@ABDCFEG
HJI5KJLMNOP
QR
STVUW
X
YZ[Y]\
^_
`^ab^cdfeghij
kgmlnpo
qrrtsusv
w]xFyz{|}
z~p

Ł*m   ¡¢¤£¥5¦¢¨§ª©«¬ ­®°¯±¯²³¯´5®¶µ·¸ ¹,º³» ¼¤½5»³¾À¿ÂÁÃÃÄ ÅÇÆ5ÈÉVÊÌË¤ÍÎ¨Ï
ÐÒÑÓªÔ Õ×ÖØÚÙ°Û Ü
Ý³Þßtà¨á(âãä åæ¶ç èêéDëÒì]èíïîðÂñ×òóô õöø÷úùû
ü×ýþ ß

 	
  
ﬁﬀﬂﬃ !"$#%&' ()* +-,./02134 57689 :;=<
>?@ A B CED FGHIKJ LMNOPM=Q RTSUVRXWY Z ZE[\]Y ^Y _ Y `\a2bcd eEfhg i
j=kml n o pqsrut v2wxyTz {}|~   ]  EŁ  
=m   su  }  m¡¢ £¤2¥ ¦§ ¨©]ª «¬ ­«E® ¯° ±²³
´=µm¶ · ¸ ¹ºs»u¼ ½ ¾}¿ÀÁ ÂÃÄ ÅÆ ÇÈ ÉÊ ËÌ ÍÎ ÏÐ ÑÒ ÑÓ
ÔÖÕ × ØTÙ× ÚÜÛÞÝ ßàâáãä2åKæèçéëêíìïî ðâñóòhô õ
ös÷ø ùíú2û üýþß  
	         ﬀﬂﬁ
ﬃ
ﬃ! "# $%%& ' () *+, -. -/0 12 134 56 78ﬂ9
:<; =>?@BACDFEHG<IJHK
L AMJNOP Q!R SUTHQ
OWV XZY[]\_^`ba c d eﬂf_ghij kl<mnonp<q
rtsvuwZx y z|{}~FHH! { Ł! HŁ! Z ﬂH ¢¡£¤_¥ﬂ¦§¨v© ª ª¬«<­®®®¯<°
± ²´³HµZ¶H·¸B¹º»F¼H½<¾¿HÀ
Á ¹Â|ÃÄÅÆ Ç!È ÉÊHÇ!ÅË ÌZÍÎÐÏ_Ñ ÒÓ ÔÕÒÖ×¢ØÙ Ú¢Û<ÜÝÝÞß<à
á âäãåæçèé ê!ë ìíHê!èéïîðòñ_óZô õ ö ÷ø!ùtú|û üUýþß  
	    ﬀﬂﬁﬃ  !"ﬂ# $%'&()*,+.-/01 &32/456 78 9;:,7<56>=?@AB;CED3FGﬂHJI KLI MNOI KPRQ STUWVXY[Z\ ]^ _;`]Z'abdcef gh.i.j klmn
o prqstuqwvrx y z{y|
} ~ ;
Ł  3Ł  [
 ﬂ .3 ¢¡r£¤ ¥ﬂ££¦¨§© ª
«¬ ­®© ¯°²±>³ﬂ´ µ ¶¨·¸¹wºﬂ» ¼ ½¾¿¼ÁÀÂÃ ÄÅÆ.Ç ÈÉÊË3Ì ÍÎwÏÐÑÐÒEÓÔÓÑÕ ÖÐÔÕ ×Ø¨Ù.Ú Û ÜÛ ÝÞ ßàá âãäå>æçæè.é ê æëìí[îï.ïðñòóRôõö¢÷<øùúûüýþß  
	    

ﬀ ﬁﬂﬃ
  !"ﬀ #%$
&'
(*)+-,/.1032-46587:9<;>=@?A%B:?CDFE-G-GIHJLKMONP-Q3R-SIS-T:UWVYX-ZO[]\F^_a`Ib@c:de:f
g-hji@k-lnm:oIp-qsr8t@uavxw-y{z}|~"F:@@88IIŁs%@Ij-s8::":8:@@-
 ¡I¢:£¤-¥-¦:¥¨§ª©8«-¬®­>¯°±%²:°@³µ´F¶-·-·-¸¹»ºF¼½a¾I¿À:ÁÂ:Ã»Ä-ÅÇÆÈIÉµÊ:Ë-Ì-Ê:Í%Î@ÏaÊ:Ð-Ñ
Ò>Ó@ÔÕ×ÖFØ:ÙÚÛ8Ü%ÝÞ-ßIà:á%ÝÞ-ßãâ-ä:å%ä:æçsèé:ê%ëìFí:èëî-ïñðòó-ô-õ÷ö-øùú8û:ü@ý»þ ß

	
ﬀﬁﬂﬃ! "#%$'&!()*+,.-/0!1324546798:;=<>@?8!<ABDC
E=FHGJILKMNOOPRQST!UHVWXTUY[Z\]^=_H]!`ba@cddefRghikjlmnopRqr[stu
vwxvyz{v|}~'=ŁH3H ¡@¢£¤
¥=¦§¨©ª¦!§¨D«
¬®­¯L°²±´³¶µ·­¸´¹kº²»´¼ ½´¾¿®ÀÂÁÄÃÆÅÈÇ É3Ê²Ë´ÌLÇ É3ÊÎÍ Ï3ÐÒÑ'ÓLÔ·ÐÖÕ®×3Ø·ÙLÚ¶ÛÄÕ3ØÝÜßÞ3ààá9â ãÝäæå çéèëê
ì@íîíïíðìòñóôöõ÷økùúûüýþûú ß	
ﬀﬂﬁﬃ !"$#% &
'$(*),+-/.$01.$23),-/4,576$819:3;,<>=@?,A1B$;ﬂC,D3E,F3GH1IKJ/L7MON,P>Q/RSﬂT3U$V3W$V3XU/Y,Z,W
[\]^_`ab]ced
f ghjilknmo,p@qlr sntu@vxwnyz|{~}n@xŁ n@ @@ @ ¡ ¢@£¥¤¥¦§ 
¨3©ª>«¥¬­@®°¯±@«¥±@²³µ´n¶ ·¸~¹º»n¼ ½x¾¿ÀÂÁ ÃÄÅ@ÆÈÇÉÊÌËÍÎÍ@Ï@ÐÑÎÒÓÕÔ×ÖØÙ ÖÚ¡ÖÔµÛ|ÜÝßÞàná âã äá
åæç¡ènéêë ì í|îðïñ¥ò óôßõnö÷ß÷µøù@ú¥û~ü
ýßþ nþ

	  ﬁﬀ ﬂﬃ  "! #%$'&)(*,+.-0/1325476897:; <= = >@?ABDC"EF7G7HJI K,LMNPOQSRT%U@V,W@XYZ
[7\]^@_ `a_ \]cbde
fJg@h ijk7h,l@m7n7oprq7s t"quv wx's yz|{P}@~@7S %% @Ł"77 7Ł7  P7
'@ @@ﬁ ¢¡c£3¤¥¤7¦ §¨ª©7¨ª«¬®­°¯²±@³ ´¶µ%·7¸º¹ » ¼0½®¾¶¿@À@¿ÂÁÄÃ@Å@Æ@Ç¶È@É@É@Ê@Ë
ÌÎÍ7Ï ÐÎÑÒÓ ÔÕÖÂ×ØÙ ÚÛÜÞÝ7ß à á¶âãäå ãæèç@éëêªì íîï ðñ'ì òóêÞô@õëö7÷ ø ùûúüaýþß  ß    
	
  ﬀ ﬁﬂﬃ "!$#&%(')&*,+.-/0 1,2ﬀ3,4 5 6ﬀ78:9<;ﬀ=>?,@ ACBED F GHI JKLNMO PCQRTS
UUUTVWX.YZ\[^]][_
`a bc:d,b,egf$h igj$k\lmonpq r s,mot\uvw<x"ygz${ | }~ o\ ,Ł  ( .,,C$. ,
  ¡  ¢£o¤ ¥¦¨§©ª «¬ ­§ª¯®¡° ±²³,´¶µ:·¸ ¹º¼»^½¾ ¿ÁÀ Â»¾:Ã¡Ä,ÅoÆÇ ÈÉﬀÊ ÆËÍÌ ÎÏÁÐÑ,Ò,ÓÕÔ Ö×ØÙÛÚ ÜÍÝ Þß
à^á âäã^åæ çÁåèTéCê ëíìäî^ï^ð ñ,òóCô õ÷öùøûú$üÁý¡þ ß  	
 		ﬁﬀﬂ ﬃﬁ "! #%$'&)(*+*+,
-'.'.'/'0
132)4 56287:9	;< =ﬁ>@?BADCFE)G'H+CFI J:KBL8M6NPOQ R STQBUBV)WXV8Y'ZFV)[	\^]:_ `"a6b ced)f'f+gih6j k6l8mj neo8p6o8qFr+s
tiu'v'w)x	y{z+|~}: 6 8 +6}D'Ł 6'))86 68{ ))P  ¡6  ¢6£'¤'¥¦)§ ¨©§Dª8«B¬ ­©®8­¯ °+±²~³8´6³
µ8¶6·¹¸Bº+»6¼'½{¾ﬁ¿8À{ÁÃÂ3Ä'Ä6Å8ÆÇÈ)É)Ê8ËÍÌÎ Ï6Ð+ÑÒ:Ó ÔÕ)Ö)×ÙØÛÚÜ)ÝßÞáà+â)ãåäæáç8èåé êÙë'ìÙíî'ï'ð î'ñ'òﬁó
ô'õ'ö ô'÷'ø'öÛù'ú'ú'û'ü
ý3þ ß 	
   ﬁﬀﬃﬂ !#"ﬁ$% &ﬁ'() *+-, .0/ﬁ13254-678:9<; =ﬁ>?@BACDE CFHGIJKLM
NPOQHRST UﬁV T WHXY[Z\^]]_ `[abcedfghikjmlno pelrqtsuBv#wxy z{}| ~0 ŁBe
  -0  -¡^¢P£¥¤¦¦§¨
©Pª«­¬ ® ¯°±²³´eµ#¶ ·e¸#¹eº0»:¼½¾¿ ÀÁÂÃÄÆÅÈÇeÉ0ÊËmÌÍÍÎ ÏÐÑÓÒ^ÔÕtÖØ× ÙÚÛÝÜßÞ àáâãmäåæç è éÓêèë
ìííîïð ìñòóﬁôPõ ö ÷ùøúû üÆýtþ ß 	 
   ﬁﬀﬃﬂ  !"#%$&('*)ﬃ+ ,.-	/0 1325476839 :(;<>=
?@ABCﬃDEFGHJIKLKM
NOPQRTSJUWV	XY Zﬁ[5\]^`_ a bdc efhg`ikj lnmopqrst`uwv xyz{ |%} ~w`k   Ł n  
k  %5(7  ¡3¢¤£7¥ ¦ §¨©ª« ¬ ­*®¯J°±²³µ´¶·¸¤¹º»¹¼
½¾¿ÀÁ ¿Â%Ã3ÄÆÅÇ%È ÉJÊnËÌÍÎÏÑÐÒÓ Ô Ó Õ ÖÒÓ ×ØÑÙÚÛÜ ÝﬃÞ ßÑàâáã`ä åÑæﬃçéè êëçì ídî ïðñ òóôõ ö ÷ ønùúûü
ýþß  	
	  ﬀﬁﬂ ﬃ  ! "# #$%ﬃ &(' )' *+	,-'/.10(23 457698;:=<<=>@?ABDCFEGHI
JKLMN
OP1QRSP1T T UWV/XZY([ \Z]S^`_/aZbdc	ef/ghiWj	klnm`o`p;q`rs	t(u`vwx yz	{|1z~}~ -  Ł
	D =7D   ¡¢¤£ ¥¦§©¨7ª¬«#­®7¯°	±=²³´7µ·¶ ¸1¹º»7¼½ ¾¿À Á9Â1ÃÄ¤Å7Æ=ÇÈÊÉË Ì-Í7Î=ÏÐ
Ñ(ÒÓ ÔÕ7Ö×ZØÙÚDÛ@ÜÝÞDßFàá=âã@äååæç
èé	êë ì íî/ïð;ñ òó	ôõöD÷Dø(ùúû	ü/ý=þdß  
	
 
ﬁﬀﬃﬂ ! "ﬃ#ﬁ$&%(')+*ﬁ',-. /,10
2
3+46565879 : ;<+=?>@AB@DCFEHGJI K(IMLNOFPHQ(RS TUWVMXYZY\[ ]^
_H`ba
c dﬁe fﬁghifﬁjFkml n?l oMpq
rrﬁs tvuwwxﬁy
zﬁ{|ﬁ} ~ ﬁ( +Ł1Z ﬁF(+ﬁ ¢¡£1¤ ¥¦§
¨
©ª«¬­ ®
¯°±ﬃ±²ﬁ³µ´ ¶· ¸¹º
»(¼
½ ¾ ¿ﬁ¾ À ÁHÂFÃÅÄ6Æ6ÆÈÇÉ Ê ËÌÎÍ?ÏÐÑÒÐÔÓFÕ×ÖJØ Ù(Ø?ÚÛÜHÝ×Þ(ßà áâWã?äå\æZç è
é
ê×ë¢ì
í îﬁï ðﬁñòWóðﬁô
õJö ÷?ö øùúûûﬁü ýþßß 

	  ﬀﬂﬁﬃ! #" $%'&()+*,.-0/21345768ﬂ9:+;<=>?@BA0CDEFHGIKJ LM NO
P2QRSUTWV#XZY[\ ]W^'_`Bacbd egfhZi
j kml noqpsr t ugv'w x#yz|{} ~cgZ#sZ ZŁg#sgH0sgH
ssssss s¡
¢£Z¤¦¥ §W¨ © ªU«¬g¬'­7®¯
°0±² ³2´ µ¶ ·0¸¹
ºZ» ¼ ½¾ ¿ÁÀ!Â ÃÁÄÅÆZÇqÈgÉÊÌËZÍÎgÍÏZÐZÑ ÒcÓZÔgÔsÕ ÖZ×
Ø'ÙÚÛÜ
ÝsÞàßsáâãäUå ßæèç éﬂê ëìí.îï'ðgî'ññò
ó7ô#õ#öZ÷ùøsú ûsüýßþ 	

ﬁﬀﬃﬂ   !"$#&% ')(*+ ,)- .ﬁ/+10 233ﬃ4 57698;: <ﬃ=> ?@)ACB!D!EGFIHﬁJ9KﬁL)MONPQ RﬃSGTIUWVYX Z7[\^] _ﬁ`\^a b!c!d
egfhi!jk l mﬃn$opqsrutvxwzy{W|x}~Gﬁ ;G!Y;ŁC   $9; ¡¢£
¤¥¥¤¦!§
¨©ªﬁ«ﬃ¬ ­ ®!©¯!°&± ²³O´ﬁµ·¶!¸¸¹ ¶!º»g¼ﬁ½ﬃ¾À¿Á!Â!ÃﬁÄ·ÅÆ!ÇÆﬁÈYÉ9ÇÊﬃË ÌÌWÍÏÎ!ÐÑÒ ÓÔÕÒ×ÖuØ ÙWÚﬃÛ!ÙÜ!ÝÛ!Þß
àâásã!ä åﬁæçèéêë×ìíîïðñò ó ôõö ôõ÷øWù^÷úúûüGý7úúûþß 	

  ﬀ ﬁﬃﬂ "!$#ﬃ%&')( *,+	-.ﬃ/"00	1243 50	6879:<;=>?=@;AB;=C8DEFGIH JLKGNM<OPIQR	STU
VXW Y	Zﬀ[ \^]`_Babcdefhg ijlkﬀm	nNo pqrXs tur,v wyxz{|}~ ﬃhŁ
   ﬀ¡ ¢¤£¥¦¨§$©¤ª«¬I­ ®,¯	°±²³µ´¶¶	·¸ ¹8º»N¼L½ ¾ ¾X½ ¿ÀBÁÂ	ÃÄÅ ÆÇÈÉÊ"Ë,Ì ÍÎÏ Ð ÑÌ ÒÏ ÒÐ
ÓÔ ÕﬃÖﬃ×ÙØÛÚÜÝﬃÞàßá<âäã¤å^æèç)éêäëµìàí	î ï,ðñ	òäóﬃôöõø÷XùúLûüàýþß    	
 
ﬀﬂﬁﬂﬃ "!$# %'&)("*,+.- / 0,1'243 5"6,7"8:9<;ﬂ=,>? @ABDCFE GﬂHﬂIﬂEKJML NO,P'QﬂRSﬂT'UFVMWYX[Z\ ]"^<_a`ﬂbdc
egfgh<iFjgkglgmongpgpgpgq
rtsgu v$w xzy'{}|~, dgg Ł$za[g  t  z¡$¢£$¤$¥ ¡t¦z§¨§©ª«¬ª¨­ ®$§«¬­ ¯°z±
²g³[´ µg¶¸·gµ,¹ º»g´a¼g½ ¾¾½ ¿zÀÁ¬½ ÂÃzÄ'ÅdÆÈÇMÉÊ$ËÍÌoÎFÏ$Ð$ÑgÒgÓÔzÕ Ö ×ØgÙ<ÚYÛgÜgÝ<ÞFßgàgágâoãgägägågæ
ç[èéëêì íîﬂïðÍñgòógôzõ ög÷<øùûúÍüþýß 
	

ﬁﬀﬃﬂ ﬃ!"$#&%')(ﬃ*(ﬃ+,-.&/ 0213 4ﬃ567
8:9; <=>;
9@?ACB DE@FGHIﬃJ)KLﬃMﬁNOP)QﬃRQS TVUWYXﬃZ[ \]_^`^abﬁcd e@fg h ikjﬃlmVnpoﬃqﬁrts uvw
x2yz {|~}ŁV
&ﬃt  2  ¡£¢¤¥t¦§_¨©Vª «­¬:®ﬃ¯°t±²2³ ´µ¶ﬃ·_¸ﬁ¹ﬃ·_º »º ¹¼½¾
¿À ÁpÂÄÃ ÅÆÇﬃÈ_É
ÊË@ÌÌ ÍÏÎﬁÐÌÑ
ÒÏÓﬃÔÕ Ö&×ØÙÚÛÜÝÞVßàáâãäåæåç
è&éﬃêëtì í íïîð2ñò­ó ôõ÷öøﬁùûúüý þß 	
      ﬀﬁﬂ ﬃ !#"$ % &(' )+* ,-/.10243 567
8:9;=<>?/@BAC DBEFGE(HJILKNM4O#P4QSR TUV4W XJX YZW [\+]_^ `Sa bcBdfehgikj#lnmoqpsrtuBv4w#xSy z {1||~}
444B4444Ł4444
B_  =1: S =¡¢J£¤¥=¦ §#¨S©ª¬«­S®°¯ ±²³L´µ¶·#¸¹»º ¼S½#¾ ¿LÀ4Á#Â(Ã Ä~ÅÆÈÇÉnÊ ËÍÌJÎ ÏSÐ4ÑÒ
ÓÔ#Õ4Ö×ÓØÙ Ô#ÕÛÚhÜkÝÞ#ßà áãâsäåæ4ç4è#éê ë ìí4î~ïðñ4ò~óSôõ4õ4öø÷4ù4ùBú4û
üýþ4ß   
	 

 ﬀﬂﬁﬃ! "$#%&(')+*,-./1024365879;: <=+>?@4AB8C$DEGFIHKJ
L M+NO;P Q!L R+SQ!L T(MVU+WGX YZ\[ ]^_`a(]b;c d egfih j!k;l mon;k;pﬂqsr tvu wx\y$z;{ |!z}~v o( ;;+(Ł 
K! +! ;8$; +;¡  ¢G£+¤
¥g¦+§+¨+¨©Kª
«+«+¬+­¯®+°+±+²+³
´8µﬂ¶·¸¹+ºo»¼+½!¾¿À ÁÂÃÄvÅsÆÇÈÉGÊË
ÌÍ Î ÎﬂÏÐ
ÑÒÔÓ8Õ(Ö+× Ø;Ù Ú
Û+Ü!Ý Þàßâá+ãsäﬂå8æ çèé êë
ìîíoïð!ñ
òóôõ!ö ÷;ø;ù
úû üû ýþ ß
 
	  ﬀ ﬁﬂ ﬃ "!"#ﬃ%$ &"' &"( )*&,+-.+/ 0 12+354687:95;<=">8?
@A"B"CDEFG H IKJLNMPOQRQTSVUWXWY[Z\N\\]
^`_"a bcdefg%hi jklm
npo[qsr[tsu vw*x"yKz
{|}~   * Łs      ﬀ *
  ¡¢*£ ¤ ¥p¦ §¨© ª¬« ­p® ¯°²±´³"µ¶ ·³¸¸ ¹º³ »¼¬½s¾¿ÀÁ Â ÁÄÃÅ¿ÇÆ*ÈÉÊ ËÌ"Í"Æ ÊTÎÏÐ ÑÒÓ
Ô"ÕÖÄ×"Ø*Ù
Ú:Û8ÜÝÞ"ß8àPáâ"ã"äåæçè é êìëí îPïðNñVòóNô[õö÷øù
ú²û²üþýß  
	  ﬁﬀﬃﬂ "!
#$&%'(*)+,.-/0123 4ﬁ5 67 8 9;:<>= ?@BA*CDFE
GIH.JKL MONQPﬃRTSTUOVXWZY[.\T]_^ﬁ`bacOd_cOefOghfOd_i j_kOlﬁm nop.qsr.tu.vw xTyzr{ |z} ~ ._.TTTﬁŁ
TsTT..   .¡¢s£.¤.¥¦ﬃ§.¨.©.ªs«.¬.¬.­.®
¯h°ﬁ±h²ﬁ³ﬁ´hµﬁ¶h·ﬁ¸h¹ﬁºh»ﬁ¼h½ﬁ¾h¿ﬁÀﬁÁhÂhÃﬁÄ Å
ÆFÇÉÈﬃÊËÌÍ Î ÏÑÐﬁÒFÓFÔFÕFÖ ×OØÙTÚTÛÝÜOÞßáà âFãFä å æç èéêÝë ìí îﬁï ð ñ.ð;ò ó ôzõIöI÷T÷OøTùTú ûü.ýþ.ß 
  
		ﬀﬁﬂﬃ !"$#&% '( )+*,-/.1023546/789
:;=< > ?9
@BA C D1E FGA H IKJ LM N OLP
QRS TU
VTWYX Z []\ ^_X ` aX bc \ defhgijklm knoBp q r1s tuv w xv yz s {y|
}~  Łﬀ&&  
¡=¢ £B¤&¥¦ﬀ¢ £B¤¨§ ©Bª¬«Y­ﬀ®ª°¯±B²³ﬀ´µ ¯B²·¶h¸B¹¹º»
  	
  
 
ﬀﬁﬂ
ﬃ  "!#
 ﬃ	$%&'
 (
 ﬁ)*
+,ﬁﬂ)ﬃ $-'&. / 0')
1
'+
ﬃ'
2436587:9<;>=<9@?BADC"EF3HG8IKJMLDNO7:9I<PHQSRTRVU
WYX[Z6\
7:;K;>9C.;^].G_J`9?BAﬃ5	abA6?
\
7cJ(I
 
	ﬀﬂﬁﬃ ﬂ!
"$#&%(')'+*-,.%(/102,43252,67*985;:,.,6<%)52=3?>
@ ACB DFEG4HJILKNM GOANPQGORTSJUVACBXWJRYPQG4AZH[AZ\]KNS SJK.UVD^H_P`Abadc
IeDFH W
PQG4EGOfKgPQG4AZH G4HhPViJD
A_E4GOIZA.PQUVAZS i GORjfW M
PQUVAZS GOR&KNElkmAeUPVionpPVEOKNH_PVGOR
q 9C
rﬁsutQvdw+x9d Cyz9
{}|~V;Y_?;?~Ł|&?2rN4$x4xx4OQ ¡¢£O¤4x¥¦ rx
§¨;©??ª«4F¬^§­?ª~«Zª;~®|-9O
vd¯ﬁ4xﬁ °b±1±1²
3;,4/5J=³989´,4/µ<5;%)'(%(0
²
5;%)=/¶%0
±
=5;,4/52%
²
'('(8
*%
²
02,6·*98
²
*%(=52%¸¹
±
:98902%¸
²
'
±
32=<¸4,0;0º,04»V¼F02%(/´
²
¸O=µ
±
'(,6
½¾¿
¸O%(3?¸Oµ'
²
5;%)=/
¾
=³<89´,/CÀ=<6<,4'¦5;:%(0
±
=5;,4/52%
²
'%0ÂÁµ
²
/52%)5
²
¾
5;%)Ã,4'(8X,0º52%(À
²
52,6ÅÄ$=3
²
32,´%(=/Å%)/Æ52:1,,
²
0º52,32/Æ0ºµ1*<523;=
±
%¸
²
'
Ç
=3252:
°
52'
²
/52%¸¹1¸
²
'('),6C5;:,NÈY,O5
²_É
3;%
²
/´'(,»
É
:,32,¹
²
/%(/1¸O=/102%(0º52,/1¸O8N,4³<%(0º5;0V*u,O5#Y,4,/,0º52%(À
²
52,0V=Ä:%(´:
¸
²
3;*-=/d,O³
±
=325ÂÄ$32=Àp52:,Ê,µ
±
:=52%¸ÊË4=/1,¹9*
²
02,6
=/7=³<89´,4/
µ<5;%)'(%0
²
52%(=/¶3
²
5;,0%(/52:1,Ì5;:,43;À=9¸4')%(/,Í"}Î1ÏÐ+ÑﬂÒÐ+ÓÍ"ÔÕÖ9×>º>O¹
²
/16Ø52:1=02,d=Ä^')=x#Ù/9µ<523;%(,4/502µ
±±
')8Æ52=Å52:1,d,4µ
±
:=5;%(¸
Ë4=/,
"}Ú­Ï9ÛCÒ$ÓÏ<ÜÝﬂÞ-ß"ÔÕÖà>«¹áÒÏ<ÜâÏÆÏ<ÜãÝ+Þuß"räååæ9>º>O»
ç
,0ºµ1'è5?0­%(/16<%¸
²
52,^52:
²
5­52:1,ÊÎ-ÏÐÑÒÐ+ÓN"ºÔÕÖ×>V,0º52%(À
²
52,^%(0Y%(/
¾
6<,,6*1%
²
0º,6:%(´:é*98éê_"Ôåë_>6<µ1,Ì5;=
²
*1%)=52%¸
±
3;=<¸O,0;02,0
Ä$,%)´/%)/1´g3;,0
±
%(3
²
52%(=/Z=/32,0
±
,¸O52%(Ã,Y%(02=
±
8<¸O/
²
'04»ìV,43252%¸
²
'%(/
¾
5;,4´3
²
5;%)=/¹:=x#Y,4Ã,3¹89%(,4'60
²
/
²
*%(=5;%(¸¨Ä$3
²
¸O52%(=/_=Ä-'(,0;052:
²
/
½
ëC¹ﬂ0º=752:1,
²±±1²
32,/5Ê=*102,43;Ã
²
52%(=/
²
'V6<%(0;¸O3;,
±-²
/1¸48Ì¸
²
/Æ/1=5
*u,.32,0º=')Ã,6»
íCî
¦ﬁxwﬂﬁu
°F±±1²
3;,4/5C=³<89´,/lµ<5;%)'(%0
²
52%(=/ï"
°
êg¼g>_=ÄN0º,
²
#
²
52,3_%0C6<,
¾
ð
/1,6
²
0Q5;:,
²
À=µ/5ñ=Ä6<%)'(µ<5;,6=³<89´,4/ZÀ%(0;0º%(/´Ê5;=
²
Ôåå9ë
0
²
5;µ3
²
52%(=/»ñòg,/,43
²
'(')8ã%)5C%0
²
0;0ºµÀ,65;:
²
552:1%(0C6,
ð
¸4%è5C%0
¸
²
µ102,6Z*98e*%(='(=´8.%r» ,»/1,O5ñ3;,0
±
%)3
²
5;%)=/
²
'è5;:=µ1´:
²
Ä$3
²
¸O52%(=/
=Äﬂ%)5FÀ%)´:5&*u,
±
3;=96µ1¸O,6d=3&:%(616<,4/J*98
²
*1%)=52%¸
±
32=<¸4,0;0º,04»
É
:,0º,
²
*%)=52%¸
±
32=<¸O,0202,0
²
32,óÔ»0ºµ1*u6<µ-¸«52%(=/Ø=Ä¨µ/16,43
¾
=3
=xÃ,43?0
²
52µ3
²
5;,6N#
²
5;,43¹ä<»À%)³<%)/´.=Ä#
²
52,43
¾
±1²
3?¸O,'(0ﬂ#&%è5;:C6<%)Ä
¾
Ä$,32,/5C0
²
'(%)/1%è5;%),0
²
/1652,4À
±
,43
²
5;µ32,0
²
0Z52:1,X0
²
52µ3
²
5;%)=/Í=Ä
=³<89´,/Z%(/C0º,
²
#
²
52,3%0
²
/1=/'(%)/1,
²
3QÄ$µ1/1¸«5;%)=/=Ä¦52:,0º,
±
32=
±
¾
,3º5;%),04¹
½
»6=µ*'(,F6<%)ô¦µ10º%(=/
²
/16¸4=/9Ã,¸«52%(Ã,&'
²
8,32%(/´Ê3;,02µ'è5
¾
%(/´N%(/d6<%)ôu,32,/5¨Ã,3º5;%(¸
²
'16%èô¦µ102%)Ã9%)52%(,0­Ä$=3­=³<89´,/
²
/16:1,
²
5¹
æ-»02='
²
3Q:,
²
5;%)/´g=Äu#
²
52,3
¾
±1²
3?¸O,'(0+#&:%¸?:
²
32,¨/=5V%(/_¸4=/5
²
¸«5
#&%)52:752:1,
²
52À=0
±
:1,43;,»
É
:,32,^%(0¨,4Ã9%6<,4/-¸O,b5;:
²
5¨52:,0º,
±
3;=9¸4,0;0º,0­02%)´/%
ð
¸
²
/5;')8
²
')52,3
*%(=5;%(¸
²
'(')8_%(/<Ä$,43;32,6
°
êg¼NóõÊö+ÓÓÏÞÞCÝ+Ð÷ØáÒ$ø-ÑQÓù+ÐØ"}äåå
½
>
ú
û
ﬂ©ºŁ|®«üñ«ýQè~©;~~®|~¦üñþ^ßQO~?| +;|^4|9Y(|9
|ýNþY?~©ºþ	®~©ºþ|ý~ý?.?|~©2þ4(

Station S
  75oW   60oW   45oW   30oW   15oW 
  12oN 
  18oN 
  24oN 
  30oN 
  36oN 
Beta Triangle    
Lewis et al. 86  
Laurent & Schmitt
Ledwell et al. 98
Dietze et al. 04 
1®x©«4®|~­®þ~­|e?èO«_~9?~

02:=x#Y,6Æ52:
²
5<=µ<5;:ﬀ
²
¸4%
ð
¸
°
/5
²
3?¸«5;%(¸ﬂﬁ/5;,43;À,6<%
²
5;,ﬂﬃ
²
¾
5;,43F%0F02µ*¦6<µ1¸O52,6X#&%è5;:
²
/ =³<89´,/70
²
5;µ3
²
52%(=/J=ÄV'(,0;0&5;:
²
/
Ö ëd»
É
:,48
²
32´µ,N5;:
²
5g52:1%(0.¸
²
/Ì/1=5.*-,,4³
±
'
²
%)/,6X*98 *%
¾
=52%¸
²
¸O52%(Ã9%è58
²
0ﬂ0º='
²
3+3
²
6<%
²
5;%)=/
²
/16.52,4À
±
,43
²
5;µ32,0
²
32,ñÃ,43;8
'(=x# %)/Ì52:,Z32,´%(=/J=Ä­02µ*¦6<µ1¸«5;%)=/»
°
/=52:,3^,4³
²
À
±
'),NÄ$32=À
5;:,C,
²
05;,43;/ã0ºµ*523;=
±
%¸
²
'
Ç
=3252:
°
5;'
²
/52%¸ " !%)´-»­Ô¹#5
²
52%(=/
>g*
²
02,6X=/ÌÀ,
²
0ºµ132,À_,/5;0g=Ä
²
3;´=/
²
/16Å=³989´,4/X#&%)52:%(/
5;:,Ê,4µ
±
:1=52%¸^Ë4=/1,F#
²
0¨32,
±
=3º5;,6*98%$&1ÒÜâÏ('ØÝ+Ð÷ÍÎ1ÏÐÑ*)
ÒÐ+Óg"ºÔÕÖÕ>O»
É
:,48e02:=x#Y,6Ê5;:
²
5
²
*%)=52%¸
²
')'(8.,Oô¦,¸O52,6Z=³<89´,4/
=xÃ,43?0
²
52µ3
²
5;%)=/C,O³¸O,,60Âæ<ë %(/J02µÀÀ,43»
É
:%0Â05;µ16<8
²
%)À0­52=Áµ
²
/52%)Ä$8µ/1¸O,3º5
²
%(/52%(,0Y6<µ,^52=
²
*%(=52%¸
±
3;=<¸O,0202,0Y%(À
±
=02,6
=/7=³<89´,4/dµ<52%(')%0
²
52%(=/73
²
52,0Ê"}êg¼
ç
>Y%)/
5;:,,
²
05;,43;/Å02µ*<523;=
±
%(¸
²
'
Ç
=3252:
°
52'
²
/5;%(¸
²
0g,05;%)À
²
5;,6Å*98
Î-ÏÐÑÒÐ+Ó"ÔÕÖä>«»
Î-ÏÐÑÒÐ+Ól"ÔÕÖä>À,
²
0ºµ3;,6
°
êg¼N¹Y523;%è5;%)µ1À7¹
²
/16,+.-b,Æ=/
%0º=
±
89¸4/
²
'07#&%è5;:%(/é5;:,0º=
¾
¸
²
'('),6¶ÈY,O5
²lÉ
32%
²
/1´'(,·"/!ﬂ%(´1».Ô¹
/
²
À,6
²
Ä5;,4352:1, *-,45
²
¾
0
±
%)3
²
'&À,452:=<6
²±±
')%(,6l52=Ø:98<6<3;=
¾
´3
²±
:%¸^02,¸O52%(=/J6
²
5
²
"0$-Üù*121FÏÞ
Ý+Ð÷3$¦ø4+ù+Ü¦Ü"ÔÕ××>º>2>«»
5
,
²
0º5
¾
0;Áµ
²
3;,V')%(/,
²
33;,4´3;,0;02%)=/^*u,O5#Y,4,/
°
êg¼
²
/-6
²
´,¹46<,
¾
3;%)Ã,67Ä$3;=À 52:,e523
²
/102%(,4/5b523
²
¸4,43
±-²
%(3¹-8%(,4'6<,6Åêg¼
ç
»-ìV,43
¾
5;%(¸
²
'&%(/5;,4´3
²
52%(=/Í¸4=3;32,0
±
=/16,6Ø5;=
²
/
²
Ã,43
²
´,d,O³
±
=3º5=Ä
=32´
²
/%¸FÀ
²
5º52,3&Ä$3;=Àp5;:,N0ºµ13ºÄ
²
¸O,g=9¸4,
²
/
=Äæ<×ﬂ´76¨À98:
²
8<;»
É
:%0^32,0ºµ')5F%0b/=5^¸O=/102%(0º52,/5^#&%è5;: ,0º52%(À
²
52,0b=Äñ/1,4#
±
3;=
¾
6<µ-¸«52%(=/+¹1#&:%¸?:J%)/X0º52,
²
6<8d0º5
²
52,N02:=µ1'(67,Áµ
²
',O³
±
=325
±
3;=
¾
6<µ-¸«52%(=/X"/=2&(&1ÞÏ7>ãÝ+Ð+÷@?gÏ<ÜÏ('ÓùﬂÐØ"ÔÕ×Õ>º>O»
Ç
,#
±
32=<6<µ-¸
¾
5;%)=/¹&6<,43;%)Ã,6 Ä$3;=À /%)523
²
5;,Æ02µ
±±
')8·52=l52:1,Æ02µ32Ä
²
¸O,Å'
²
8,43
_®?|ýNA®©CB®©;®|_®+AB B4?|xñ®DE ý?|_è~Oè®||_þÂ®èý®®.Bþ©F~ ®FB©«4HG¨®þJIVè4|© K
"}Ú­Ï9ÛCÒ$ÓZÏ<ÜØÝ+Þ-ß+"ÔÕÖà>«¹9á_ÒÏÜâÏXÏ<ÜØÝ+Þuß"}äååæ>2>
²
À=µ1/5?0
5;=N=/'(8_'),020Q5;:
²
/däåë =Ä¦52:1,b,O³
±
=325­,0º52%(À
²
52,F=Ä¨Î1Ï1ÐÑﬂÒÐﬂÓ
"ºÔÕÖä>O»
É
:,32,
²
3;,N0º,Ã,43
²
'
±
=5;,4/52%
²
',O³
±
'
²
/
²
52%(=/-0ÂÄ$=3&5;:%0
²±±1²
3
¾
,/576<%(0;¸O3;,
±-²
/1¸4852:
²
57¸
²
/ *u,X52:1=µ´:5
=Ä»MLñ³
±
'
²
/
²
5;%)=/10
Ä$=<¸Oµ-0202%)/1´_=/J*%)=´,=9¸?:1,4À%(¸
²
'
±
3;=<¸O,0;02,0Â%(/1¸O'(µ16<,óÔ»16%èô¦,43
¾
,/5Q02¸
²
'(,0+=Ä<52%(À,
²
/16N0
±1²
¸4,­%(/.52:1,­5#Y=b3;,0
±
,¸«52%(Ã,¨05;µ16<%(,0¹
ä»1/%)523;=´,4/X02=µ3?¸O,0b=5;:,43F52:
²
/X/%)523
²
5;,
"
Ç
:
¾
ð
³
²
5;%)=/¹-6%(0
¾
02='(Ã,6
=32´
²
/%¸g/%)523;=´,/¹
²
52À=0
±
:,32%¸.6<,
±
=02%)52%(=/->O¹
½
»1,O³
¾
±
=325+=Ä1¸
²
3;*-=/
¾
32%¸?:^=32´
²
/%¸QÀ
²
5252,43Y"$,» ´-»6<%0202='(Ã,6g=3;´
²
/1%(¸
¸
²
3;*-=/->«¹&æ-»bÃ,3º5;%(¸
²
'(')8¶À%(´3
²
5;%)/´·=3;´
²
/%0ºÀ07%)/(N1µ,4/-¸O%(/´
5;:,ñ/9µ<523;%(,4/5
²
/16g=³<89´,/g6<%0º523;%)*µ52%(=/10»
É
:,
±
32,0º,/5À=<6<,4'
0º52µ168Í6<=9,0/=5
²
6<3;,0;0N5;:,02,J*%(=´,=<¸?:,4À%¸
²
'Â%0202µ,0Z*1µ<5
%(/10º52,
²
6,4³
²
À%)/,0N5;:,
±
=52,4/5;%
²
'Y=Ä
²
*1%)=52%¸
²
'('(8
±
32=<6<µ1¸4,6
°
êg¼ 52=_3;,02='(Ã,b5;:,
²±±-²
3;,4/5Â6%(0;¸O3;,
±1²
/1¸O8*u,O5#Y,4,/
À,
²
¾
02µ3;,6êg¼
ç ²
/16_/%)523
²
5;,Â02µ
±±
')8.5;=Ê52:,&02µ32Ä
²
¸O,Â'
²
8,3=Ä15;:,
0º52µ168
²
3;,
²
»
O9P
ﬁyﬂw
°
/X=³<8´,4/X¸4=À
±1²
3252À,/5¹5;32,
²
52,6 '(%RQ,
²
/Ì%)/,3º5g´
²
0e"$,» ´-»
²
32´=/->O¹+%0e,Àe*u,66<,6ã%(/5;=
²
äTSETUJVlÔS
½
U3;,02='(µ<52%(=/¸4%)3
¾
¸4µ'
²
52%(=/ À=<6<,4'ﬂ=ÄV5;:,
Ç
=3º5;:
°
52'
²
/52%¸N#&%)52:
²
52µ3;*µ'(,4/1¸4,
¸4')=0ºµ3;,Â02¸?:,À,
²
6<,Áµ
²
52,Y52=Ê0º%(Àeµ1'
²
52,Y52:,&02,
²
0º=/
²
'9À%è³<,6
¾
'
²
8,3¸O8<¸O'(,
²
/16Ê6<%)ô¦µ10º%(=/Ê%(/Ê52:,­À
²
%)/g5;:,43;À=9¸4')%(/,b"0W_Óø4ÞÒÏ1Ó
Ï<ÜÅÝ+Þuß¦"räååå>º>«»
°
/
²
616<%è5;%)=/
²
'
±1²
3
²
À,452,43;%(Ë
²
5;%)=/eÄ$=3­6<=µ
¾
*'(,d6<%)ô¦µ10º%(Ã,XN1µ<³<,0
²
¸¸O=3?6<%(/´752=ﬀYZ4Ý+Ð*[ Ï<ÜéÝ+Þuß&"ºÔÕÕÖ>
,/10ºµ132,0ﬂÃ,43252%¸
²
'96%èô¦µ102%)Ã9%)52%(,0ñ¸4=/102%(0º52,/5Q#&%)52:_=*-0º,32Ã
²
5;%)=/10
#&%)52:%(/J52:1,.À
²
%)/75;:,43;À=9¸4')%(/,.=Äﬂ5;:,
Ç
=3º5;:
°
52'
²
/52%¸.0ºµ1*
¾
5;32=
±
%(¸
²
'´83;,"\W_ÓøH4+ÞÒÏ1ÓÏÜÝ+Þuß+"}äåå
½
>2>«»
Ç
µÀ,43;%(¸
²
'
²
6<Ã,¸«5;%)=/
²
/16 6<%)ô¦µ10º%(=/Å02¸?:,À,0bµ-0º,6J%)/ 5;:%0
À=<6<,4'u05;µ16<8#Y,43;,b0º:=x#&/*98]=^÷ﬂÏÐÌÝﬂÐ÷^W_Óø4ÞÒÏ1ÓN"räåå
½
02µ*ÀJ» >
52=3;,
±
3;=<6<µ1¸O,Ø3;,02µ')5;0J=ÄZ52:,·Ú­Ï÷uÛCÏÞÞïÏ<Ü Ý+Þuß
"ºÔÕÕÖ>ñ523
²
¸4,43&3;,4'(,
²
02,g,O³
±
,32%(À,4/5»
É
:,
²
5;À_=0
±
:,43;%(¸bÄ$=3?¸O%(/´e¸4=/102%(0º5;0¨=ÄÀ=/5;:'(8_À,
²
/C#&%(/16
0º523;,0;0
²
/16Å:,
²
52N1µ³
ð
,4'60.6<,32%(Ã,6JÄ$32=À 52:,8,
²
3?0ZÔÕÖÕ
¾
ÔÕÕ
½
=ÄY52:1,C32,
²
/
²
')8<02%(0
±
3;=E_,¸«5e¸
²
3;32%(,6Ì=µ<5
²
5.52:,ﬂL­µ3;=
¾
±
,
²
/`6¨,/523;,QÄ$=3*a ,6<%(µÀ
¾
ç
²
/´,ﬃÆ,
²
52:,3*!=32,¸
²
05?0V" Lb6bacﬃ3!Q>
"0d_ÒfeuÓùﬂÐÏ<ÜãÝ+Þuß+"ºÔÕÕ×>2>«»g!3;,02:9#
²
52,3hN1µ³9,0
²
3;,
±1²
3
²
À,
¾
5;,43;%)Ë,6_*98Z3;,0º52=32%(/´Ê0ºµ32Ä
²
¸4,b0
²
')%(/%)58N5;=N=*102,43;Ã,6eÀ=/5;:'(8
À,
²
/10J5
²
Q,/éÄ$3;=À 52:,ÍÚ¨Ï7iﬂÒÜö+ÓÏÜ Ý+Þuß_"ÔÕÕæ9>
²
52'
²
0»
É
:,gÄ$=32ÀZµ'
²
52%(=/7=Äﬂ52:,.02µ3ºÄ
²
¸O,Ê:,
²
5N1µ<³
Ä$='(')=x#b0	jZÝ+ÐÏ7>
"ºÔÕ×<Ô>O»k9='
²
3Z:1,
²
5N1µ³
±
,/,O5;3
²
52,0_%(/52=Æ52:,J=<¸O,
²
/»
°
*
¾
02=3;*<52%(=/g%0
±1²
3
²
À_,452,32%(Ë4,6bµ102%)/1´Â52:,ñ#
²
5;,43¦58
±
,ﬁ-=ÄﬂÎ1Ï('Þ9ùi
"ºÔÕ×à>­µ/'(,0;0b0º5
²
5;,676<%)ôu,32,/5;')8»
°
')'90º%(Àeµ1'
²
52%(=/10#Y,43;,V%(/5;,4´3
²
52,6^Ä$=3ä
½
8,
²
3;00º5
²
3º5;%)/1´ÂÄ$32=À
²
¸O=À_À=/Í0
±
µ/
¾
µ
±
0º5
²
52,
=ÄF5;:,J¸O%(3;¸4µ'
²
52%(=/À=<6<,'
²
/16
=³<89´,/ ¸4=/1¸4,4/523
²
5;%)=/10J¸O=3;3;,0
±
=/16<%(/´·52=ïÔååë 0
²
5;µ3
²
¾
5;%)=/»êF³<8´,4/Z%(0Q¸O=/52%(/µ1=µ102')8¹%r» ,»x,Ã,43;8Ê52%(À,0º52,
±
¹x32,0º,45Q52=
Ôååëï0
²
52µ3
²
5;%)=/
²
5V52:,F32,05;=3;%)/´ÊË=/,0V=Äu52:,^¸O%(3;¸4µ'
²
52%(=/
À=<6<,4'Z" a ,6<%è5;,43;3
²
/,
²
/l=µ<5lN-=x#.¹V/=3252:,32/
²
/-6·02=µ52:,32/
*u=µ/-6
²
3;8C=Äﬂ52:,.À=<6<,'+6<=À
²
%)/7%r» ,»+ÔFmU.
²
/167àTTU
Ç
>O»
°
%)3
¾
5;=
¾
0º,
²
=³989´,4/CN-µ<³!Qê
:
%(0À_=<6<,'),6gÄ$='(')=x#&%(/´Y52:1,Yên6ba%ﬁ0
¾
ä "
ç
»Êò_»
Ç
²
_f_
²
3
²
/16po1»6^»Êê^3;3¹
¿
,02%(´/ =Ä
ên6ba%ﬁ0
¾
ä
02%)ÀZµ'
²
52%(=/-0F=ÄY¸?:'(=3;=EN1µ1=3;=9¸
²
3;*-=/10¹952:,02='(µ*%(')%)58
±
µÀ
±
²
/16Å¸4=ÀÀ=/Æ*%(=´,=<¸?:,4À%05;328¹ÔÕÕÖ(q
²
Ã
²
%('
²
*'),ZÄ$3;=À 5;:,
ﬃÆ=3;'(6ﬃ%6<,ﬃÆ,4*
²
5:5º5
±
ósrTr#&#&#.» %
±
0º'}» _µ-0202%),µ» Ä$3rên6ba%ﬁ0¨>
´µ%(6,4'(%)/,ó
t`u
:2vwyx{z
un|l}~
:
u
|\
: 
"ºÔ>
#&:,32,
u
|0}~
:
%(05;:,Â=³<8´,4/e¸4=/1¸4,4/523
²
5;%)=/e¸O=323;,0
±
=/16<%(/´F52=
²
Ôåå9ë 0
²
5;µ3
²
52%(=/
²
¸4¸O=3;6%)/´C52=cd_Ý*'uøuÒÝ Ý+Ð÷dù*'÷ù+Ð
"ºÔÕÕä>O¹
u
|0F
:
%0¨=³<89´,/d¸O=/1¸O,/523
²
52%(=/d%)/
52:,Êµ
±1±
,32À=0º5
´32%6Æ*-=³
²
/16ﬃL%0Ê52:,
±
%(0º52=/ãÃ,')=<¸O%)58¹ﬂ¸
²
'¸Oµ1'
²
52,6
²
¸
¾
¸4=3?6<%)/1´Z5;=1ó
wx{v3Ł
"ä	<>"
u
:
Sxààå>
8<;:
"}ä>
#&:%)52:Å¸O=9,C¸O%(,4/5
ŁXv
å
½½
×TS
½
 àÔåm;0SxÀ
²
/16752:1,<¸?:À%695
/9µÀZ*-,3=Ä1=³<89´,4/.%(/0º,
²
#
²
52,43Z
u
:
²
0
²
Ä$µ/1¸O52%(=/_=Ä5;,4À
¾
±
,43
²
5;µ32,
²
0
±
3;=
±
=02,6Æ*98Ï1ÏÞÒÐ#[ Ï<Ü Ý+Þ-ßY"ºÔÕÕÖ>O»
É
:,
0;Áµ
²
3;,Ø=ÄÀ=/52:'(8éÀ,
²
/ #&%)/-60
±
,4,6¦ä
²
/16 52:,ÍÃ
²
32%
¾
²
/1¸O,¶=Ä#&%)/1610
±
,4,6 ¸4=À
±
µ<5;,6 =xÃ,43J=/,ãÀ=/5;: #¨,32,
¸
²
'¸Oµ'
²
5;,6ãÄ$3;=ÀLb6ba%ﬃ3! ¸4')%(À
²
5;='(=´8"µ10º%(/´Å52:,X0
²
À,
6
²
5
²
*
²
02,C#&:%¸?:Í6<3;%)Ã,0N52:,7¸O%(3;¸4µ'
²
52%(=/ãÀ=<6<,4'>«»
°
¸O3;µ16<,
%¸O,ÊÀ=<6<,4'02#&%è5?¸?:,0Y=ô
²
%)3
¾
5;=
¾
0º,
²
=³<89´,4/ﬂN1µ<³<,0Y#&:,/,4Ã,43
02,
²
¾
02µ32Ä
²
¸O,^52,À
±
,3
²
52µ3;,0&6<3;=
±
*u,4'(=x#

Ôm ÖTUF6^»
!1µ3º5;:,43;À=3;,
²Ê±
32%(À%è5;%)Ã,
²
´,Y5;3
²
¸O,43V#
²
0Q%(/52,´3
²
52,6.Ä$=3¨ä
½
8,
²
3?0^*8Å¸O=µ1/5;%)/1´
µ
±
52%(À,%)/Æ,4Ã,43;87´32%6X*u=³¹¦,O³¸O,
±
5
²
5
5;:,N0ºµ13ºÄ
²
¸O,Ê#&:,43;,
²
´,g#
²
0Â¸4=/52%(/9µ=µ102'(8C32,0º,45Â52=Ë4,32=-»
!1='(')=x#&%(/´ÆÎ-ÏÐÑÒÐ+ÓÌ"ÔÕÖä>«¹+3
²
5;,0e=Ä
²
*1%)=52%¸
²
'('(8Ì%(/16<µ1¸4,6
°
êg¼
²
32,^¸
²
'¸Oµ1'
²
52,6_*98_'),
²
0º5
¾
02Áµ
²
32,Â'(%)/,
²
3¨32,´3;,0;0º%(=/_*-,
¾
5#Y,4,/ À_=<6<,'),6
²
*%(=5;%(¸
²
'(')8
,Oô¦,¸«5;,6
°
êg¼
²
/167À=96,4'
²
´,
=/7%02=
±
8<¸O/
²
'(0»
Ç
=52,5;:
²
5Z%)/Æ52:1%(0N0º52µ-6<8
°
êg¼Ù3;,OÄ$,3;0g5;=X6<,4Ã9%
²
52%(=/-0gÄ$32=À
0
²
5;µ3
²
52%(=/
,Oô¦,¸«5;,67*98
±
:98<0º%¸
²
'
±
32=<¸4,0;0º,0¨3
²
5;:,43Y5;:
²
/7*98
/,45b*%(=52%¸Ê3;,0
±
%)3
²
5;%)=/»

vd¯r1ﬁ77	 -9ﬂﬁrz<ﬁuÍx<ﬁd·ﬁyc¡_ﬁ
¢
xZ-zr x7-r-
a =<6<,'),6
²
*%)=52%¸ñ=³<89´,/
²
'(=/´
½
å
U
ﬃ`#&%è5;:%(/N52:1,YÈY,O5
²FÉ
32%
¾
²
/´'(,0º:=x#b0Ê02%)´/%
ð
¸
²
/5N6<,Ã9%
²
52%(=/10gÄ$3;=À
²
Ôååë 0
²
5;µ3
²
¾
5;%)=/¶" !%)´-»ä>g%)/lêg¸O52=*u,43»
É
:,
05;32=/´,05N6<,Ã%
²
5;%)=/ÆÄ$32=À
0
²
5;µ3
²
52%(=/·%(0*u,4'(=x# 5;:, À%è³<,6l'
²
8,3Z#&:1,43;,7=xÃ,43?0
²
52µ3
²
¾
5;%)=/ã32,
²
¸?:,0ÊÃ
²
')µ1,0Nµ
±
52=XàVÀÀ='ê
:
rÀ]+C¸4=3;32,0
±
=/16%)/´
5;=
½
» àëd»
É
:1%(0F=xÃ,43?0
²
52µ13
²
52%(=/
6,¸
²
8<0b6µ32%(/´CÀ%)³<,6
¾
'
²
8,43
6<,,
±
,4/%(/´%(/
²
µ52µÀ/
²
/16C#&%(/52,3
²
/16C*1µ%)'60Âµ
±
*-,45#¨,,4/
0
±
3;%)/´
²
/16
²
µ<5;µÀ/»Hﬁ5?0FÀ
²
´/%)52µ16,Z¸
²
/X*u,e,O³
±
'
²
%(/,6 *98
02='
²
3b3
²
6%
²
52%(=/
±
,/,O5;3
²
52%(/´*u,4'(=x# 5;:,NÀ%)³9,6 '
²
8,43ó
É
:%0
:,
²
52N1µ<³ #
²
32À0&#
²
5;,43b#&:1%(¸?:X%0b/1=5^%(/Ì¸4=/5
²
¸«5b#&%)52:X5;:,
²
52À=0
±
:,32,»
°
0Â5;:,.#
²
52,3Y#
²
3;À0Y52:,.=³<89´,/
¸4=/1¸4,4/523
²
¾
5;%)=/d¸O=323;,0
±
=/16<%(/´g52=
²
Ôåå9ëï0
²
5;µ3
²
52%(=/6<,¸O3;,
²
02,0ñ#&:%)'(,
5;:,Å¸4=/1¸4,4/523
²
5;%)=/·=ÄN=³<8´,4/ À='(,¸4µ'),0d0º5
²
8<0d¸4=/10º5
²
/5»
-F,4/1¸4,¹V%(/52:1%(0¸
²
0º,¹Q:,
²
5N1µ³9,0¸
²
/Í*-,7523
²
/-0º'
²
5;,6ã%(/52=
°
êg¼£N1µ³9,0
tn¤2u`¥
|0¦0§
ó
tn¤2u`¥
|l¦0§
"/¨>
v
ﬂ©
u
|l}~
:
©ª
«
" ¨9>
|0¦l§
¬­
"
½
>
#&:,32,
«
" ¨9>Â%0^02='
²
3F:,
²
5®N1µ<³
²
5g6<,
±
52:XË¹
¬
­
%0b5;:,Z0
±
,
¾
¸4%
ð
¸_:,
²
5Ê=Ä¨02,
²
#
²
5;,43
²
/16
u
|l}~
:
%0g=³989´,4/X¸O=/1¸O,/523
²
52%(=/
¯ °¨?|;Â;0±;gI­|9?~h²Y~©ºþ?~
−6
−5
−4
−3
−2
−1
0
1
24°N 26°N 28°N 30°N 32°N
100
200
300
400
500
D
ep
th
   
[m
]
26.85
26.6
2
26.5
26.3526.2
J³ _;è®|9^~?©;®|·®..®?«·A®©«4ès´?©;«
Ih²bµ¶¸·9«e©;®|x®~l¹ﬂ|nºg»2¶è.<;è?e©?®|x®~l¹ﬂ®|ýKF¼F½
û
üñ þ|Êþ¾2º	¿-è|ý­|À²Y©;®.<;
µ¨| ~+4ñ..®Á²	ÂÃÄÅ
|?ý4ªª;~Z?|®4®Oª;~4º4®|
Æ¨ÁÅ|C~e.sD«
è;.Bþ1þ;_Á·|« 4~gþZÁBþJüñþ2;|~ %º
»
~
¼m
ÈÇÉ.Êgþýþ;ñþ94|Zþb?|~ /_OñþÂ~©;F

−20 −10 0 10 20
0
50
100
150
200
250
300
350
400
AOU [mmol/m3]
D
ep
th
   
[m
]
due to solar radiation                   
due to vertical diffusion                
due to advection and horizontal diffusion
due to sum of all fluxes                 
modeled AOU in October                   
Ë _«4|®Êþ è|x?ý4ºF®eA®©«4ès|©;«ÌIh²bµ
Í
mD;~g.®?~\B<?©;ªe.?©ºþ9|~.~b)® 4©ºþ èh²Y©;®4
<;Êüñ þ|Xþ¾;ºX¿-è|ýF
Z¿QþZüQ4;Ê©?®.|X~.4è.®~
~4º4« |Å4©ºþ-~®þ9Ogþe|x?ýº4V®¨Ih²bµ
Í
mD;~
(® O©2þ
èk²Y©;®F<;F?~~;|è4ès7©?®|©;)?~büñþ7.®?«
Ih²bµÍ(®|]²Y©;®.<;

¸4=3;32,0
±
=/16%)/´5;=
²
Ôåå9ë 0
²
52µ3
²
5;%)=/
²
¸4¸4=3?6<%(/´52=@dZÝ*')
øuÒÝãÝ+Ð÷^dù*'÷ù+ÐØ"ºÔÕÕä>O»mﬁ/52,´3
²
52%(=/=Ä
tn¤2u`¥
|0¦0§
Ä$32=À
a
²
3;¸?:X52%(')'Yêg¸O52=*-,3^89%(,4'60
°
êg¼ :1%)´:Ì,4/1=µ´:X52=J,4³
±
'
²
%)/
5;:,.À=96,4'(,6
°
êg¼ À
²
³<%)ÀZµÀ %(/ êg¸O52=*-,3N" !%)´-»
½
>O»
°
/
²
/
²
'(=´&Ä$=32ÀZµ'
²
52%(=/.5;=^,Áµ
²
5;%)=/d"
½
>89%(,4'60
°
êg¼ÎN1µ³9,0
tn¤u`¥Ï	Ð0Ñ\Ò
6µ,V52=&3;,0
±
,¸«5;%)Ã,523
²
/10
±
=3º5À,¸?:
²
/%02À0¦À,¸?:ó
tn¤2u`¥
Ï	Ð0Ñ\Ò
v
©
u
|0}~
:
©ª
«
ÏÐlÑ\Ò
¬
­

©
u
|0}~
:
©

t

Ï	Ð0Ñ\Ò

t`u
Ï	Ð0Ñ\Ò
"$æ9>
0 
1 
2 
3 
4 
>5
24°N 26°N 28°N 30°N 32°N
100
200
300
400
500
D
ep
th
   
[m
]
26.85
26.62
26.5
26.35
26.2
Ó _;è®|V~?©2è®|Å®4­.®?« 4ý9¶¸·è?X©;®|x®~l¹
|Xºg»¶)A<?«
©;®|x®~l¹Â®|ýKF¼F½
û
üñ þ|
þ¾;º¿- 
|ýÊ|%²Y©;®.<;
¿Qþg| Y®V4ýÊ~x?4~
H¿Qþg~þ«Cè|
;2~ñ®g.ÈD«)x2VÁBþ-þ;&Á·9|«Z4~VþÂBþNüñþ2
?|~ Àº
»
~b¼E
ÈÇÉFÊgþýþ2­þ|eþ&?|~ ZO­þ&~©?F

0 1 2
−9
−8
−7
−6
−5
−4
−3
−2
−1
0
AO
U 
  [m
mo
lO
2/m
3 ]
age   [a]
σ0 = 26.2
0 5
−7
−6
−5
−4
−3
−2
−1
0
age   [a]
σ0 = 26.35
0 5
−4
−3.5
−3
−2.5
−2
−1.5
−1
−0.5
0
0.5
age   [a]
σ0 = 26.5
0 5 10
−1.5
−1
−0.5
0
0.5
age   [a]
σ0 = 26.62
MÔ _®?«JA®©«4ès
Á´?©;?9Ih²bµ®|9Cüñþ|
þ
¾;º@¿-è|ý7®|;~\B<?©;ªdè~®.B ©;|9~Zè|^²Y©;®.<;B®«
ý|~.®?«&ýF
¿Qþﬂý4Á&|?~u?|®«~~0Õx9Oﬂ|«O
?ý;~~è®|~
(¿Qþ? Y~®.B<?~­4bè~?_|¿¦AH
Ç.

#&:,32,
t

Ï	Ð0Ñ\Ò
%(0C0
²
')5N1µ<³
²
/16
t`u
Ï	Ð0Ñ\Ò
%(0=³<89´,/ÎN1µ³
6<µ1,Ê52=32,0
±
,¸O52%(Ã,gÀ,¸?:
²
/%(02À04»g!%(´1»
½
0º:1=x#b0
°
êg¼ÖN1µ³9,0
6<µ1,52= Ã,3º5;%(¸
²
'V6<%)ôuµ-0º%(=/
²
/-6Æ6µ,52=J5;:,C0ºµ1À =ÄY=ÄÂ:=3
¾
%(Ë4=/5
²
'b6<%)ô¦µ10º%(=/
²
/16
²
6<Ã,¸«5;%)=/Í%(/5;,4´3
²
52,6ÍÄ$3;=À×a
²
3;¸?:
5;%)'('Âêg¸O52=*u,43»
É
:,
°
êg¼p6<%(0º523;%(*µ<52%(=/ã%0.´=xÃ,43;/,6X*98Ì5;:,
*
²
'
²
/1¸O,_*u,O5#Y,4,4/Ì52:,=xÃ,43?0
²
52µ3
²
5;%)/´,4ôu,¸«5.=ÄY0º='
²
3^3
²
6<%
¾
²
52%(=/
²
/-6Ã,3º5;%(¸
²
'F6<%)ô¦µ10º%(Ã,Ì523
²
/10
±
=325C=ÄN=xÃ,3;0
²
5;µ3
²
52,6
#
²
5;,43ñ%(/52=g52:,FÀ_%)³<,6_'
²
8,43»
°
'('5;:,&=5;:,43
±
32=<¸4,0;0º,0Q')%05;,6
%(/ 52:,Ì%)/523;=<6<µ1¸O52%(=/
²
3;, =ÄÊÀ%)/1=3C%(À
±
=3º5
²
/1¸4,
²
')52:=µ´:
5#Y=Ì=Äb52:,Àm'),
²
Ã,d52:,%)3_%)À
±
3;%(/5=/52:,
°
êg¼ 6%(0º523;%)*1µ
¾
5;%)=/J02:=x#&/7%)/ !%(´1»1ä<ó
É
:,Æ0º'(%(´:5Cµ/16<,3;0
²
5;µ3
²
52%(=/ï"%r» ,»
±
=0º%)52%(Ã,
°
êg¼^>#&%)52:%(/
_®?|ýNA®©CB®©;®|_®+AB B4?|xñ®DE ý?|_è~Oè®||_þÂ®èý®®.Bþ©F~ ®FB©«4HG¨®þJIVè4|© Ê
5;:,ØÀ_%)³<,6 '
²
8,437%0 ¸
²
µ-0º,6é*98
²
/ =<¸O,
²
/%¸Å:,
²
5J'(=0;0J=Ä
×
½
ﬃÖrÀ]:.¸O=Àe*%(/,6
#&%)52:
ð
/%)52,
²
%)3
¾
02,
²
´
²
0Y,O³¸?:
²
/1´,»
É
:,
6<%(0º523;%(*µ<52%(=/ã=Ä
°
êg¼Ù*-,')=x# 52:1,CÀ
²
³<%)ÀZµÀ =Ä&=xÃ,3
¾
0
²
5;µ3
²
52%(=/7%(0^0º'(%(´:52'(8d%(/gN1µ,/1¸O,67*8J0
²
')5
¾
ð
/´,32%(/´
²
0Â5;:%0
%052:,Â=/')8
±
32=<¸4,0;0¸
²±1²
*'(,¨=Ä
±
3;=<6<µ1¸O%(/´gµ/16<,3;0
²
5;µ3
²
52%(=/
%(/_52:%0ñ6<,
±
52:»-"
°
À=<6<,4'3;µ/#&%)52:=µ<5­6<=µ1*'),&6<%)ô¦µ10º%(=/6<%6
/=5¨02:=x#
²
/98eµ/16,43?0
²
52µ3
²
5;%)=/_%(/52:1%(0­32,´%(=/¹02=N0
±
µ3;%)=µ10
/9µÀ,43;%¸
²
',4ôu,¸«5?0Â32µ'(,Ê=µ<5
²
0
²
/7,O³
±
'
²
/
²
52%(=/» >
Ç
=52,g52:
²
5
=3;6<%(/
²
328À%è³<%(/´=Äﬂ5#¨=_#
²
52,3
±1²
3?¸O,'(0&6<=9,0
²
')#
²
8<0Y32,0ºµ')5
%(/
²
À%è³<,6
±1²
3;¸4,4'9=xÃ,3;0
²
5;µ3
²
52,6Ê32,'
²
52%(Ã,¨52=^52:,&À,
²
/Z0
²
5
¾
µ3
²
5;%)=/ =ÄQ52:1,e=3;%(´%(/
²
'
±1²
3;¸4,4'04»
É
:%0b*u,4:
²
Ã9%(=µ3b%0F02,O5g*98
5;:,b/=/')%(/,
²
3ñ3;,4'
²
5;%)=/10º:1%
±
*-,45#¨,,4/5;,4À
±
,3
²
52µ3;,¹0
²
')%(/%)58
²
/16
0
²
5;µ3
²
52%(=/+»
¿
=µ*1'),76<%èô¦µ102%)=/¹+=3Z0
²
')5
ð
/´,43;%)/1´1¹%0e6<%)ô¦,43;,4/5
²
0N%)5e32,
¾
02µ')5;0^%)/Å,Oô¦,¸«5;%)Ã,Z6<%)ô¦µ10º%(Ã9%è5;%),0^Ä$=3FÀ='),¸Oµ'(,0^*-,%)/1´d:%(´:,3
5;:
²
/752:1=02,.Ä$=3&:,
²
5»
¿
,
±
,4/16<%(/´C=/J´3
²
6<%(,4/5;0Â=ÄQ52,4À
±
,43
¾
²
52µ3;,¹90
²
')%(/%)58¹
²
/16C=³989´,4/
²
#
²
5;,43
±1²
3?¸O,'r¹:,
²
52,6d*980
²
')5
ð
/1´,43;%(/´g¸
²
/
²
5Q5;:,b0
²
À,¨5;%)À,¹
²
/16Z*98N5;:,b0
²
À,
±
32=<¸O,020¹
'(=9=02,g=³<89´,/
02=_Ä
²
0º5Y5;:
²
5bµ1/16<,43?0
²
52µ13
²
52%(=/d,Ã=')Ã,0»
a =<6<,'
²
´,Â%)/
êg¸O52=*-,3F" !%(´1»æ9>%)/-¸O3;,
²
02,0Q#&%)52:
6<,
±
5;:»T!1='
¾
'(=x#&%)/1´
²
/
%(02=
±
8<¸O/
²
'-Ä$32=ÀÙ52:,
Ç
=3º5;:C5;=e5;:,<=µ<5;:
#&%)52:%(/
5;:,Ìµ
±1±
,3JäååÀJ¹¨%)5
´,O5;0
6<,4,
±
,3¹¨#&:%¸?:¶À,
²
/-0Ä$µ3252:,3
²
#
²
8_Ä$32=À 52:1,.À
²
³<%)ÀZµÀ =ÄQ=xÃ,3;0
²
5;µ3
²
52%(=/+¹
²
/-6
='(6,43»
-F,4/1¸4,¹
²
')%(/,
²
33;,4´3;,0;02%)=/*-,45#¨,,4/·À=96,4'(,6
°
êg¼
²
/16
À=<6<,4'
²
´,=/ã%0º=
±
89¸4/
²
'0.89%(,4'60
±
=02%)52%(Ã,C=³<89´,/Æµ52%(')%0
²
¾
5;%)=/73
²
5;,0Ê" !%(´1»H>­Ä$,4%(´/%(/´*%(=5;%(¸g3;,0
±
%)3
²
5;%)=/»
ﬁ/52,3;¸4=À
±1²
32%0º=/F#&%)52:Zêg¼
ç
À_,
²
02µ3;,6g*98ÊÎ-ÏÐÑÒÐ+Ó&"ºÔÕÖä>
"#&:=À,
²
02µ3;,6
52:1,N0ºµÀ =ÄQ*%(=5;%(¸
²
'(')8
²
/16
²
*1%)=52%¸
²
'('(8d%(/
¾
Ä$,323;,6êg¼
ç
%(/lêg¸«5;=*u,43«>Ê%(/Ø52:,dÈY,45
²XÉ
32%
²
/1´'(,X"
É²
*»¨Ô>
02:=x#b0¨52:
²
5Â52:,
²
*1%)=52%¸FÄ$3
²
¸O52%(=/
32,
²
¸?:,0¨Ã
²
')µ,0Y,O³¸O,,6<%(/´
Ôäë =/d5;:,.µ
±±
,43;À=0º5b%(02=
±
8<¸O/
²
'<Ø(Ù
v
äà( ä
Î-ÏÐÑÒÐ+ÓC"ºÔÕÖä>Â¸
²
'¸Oµ'
²
5;,6J/,45^=³<89´,/J¸4=/102µÀ,6J%(/ 5;:,
#
²
5;,43Ì¸4='(µÀ/ï*8 %(/5;,4´3
²
52%(/´
²
ð
5252,6 "$%(/ '),
²
0º5
¾
02Áµ
²
32,
02,4/102,>')=´F'(%)/1,
²
3¸O=/10ºµ1À
±
52%(=/e3
²
5;,
¾
6<,
±
52:e6<,
±
,/16<,/1¸O,¨*-,
¾
5#Y,4,/éÔååQÀ
²
/-6Í%(/
ð
/%)58»!1='(')=x#&%(/´Æ:%0
²±±
3;=
²
¸?:#&%)52:
À=<6<,4'(,6éêg¼
ç
8%(,4'60
²
/
²
*%(=5;%(¸J3
²
5;,X¸O=3;3;,0
±
=/16<%(/´Æ52=
ä» ×ë =Äﬂ52:,eÎ-ÏÐÑÒÐ+Ó"ÔÕÖä>­,0º52%(À
²
52,»
ºg» ÂBþ9Ú Û ²bµ¨§ ÂBþÜÚ Û .®©®²bµY§
ÝT
HÇÞFßFà ÝT
HÇÞFßFà .®;è? .®?«
É.áE
 ÉA¼ Ç.ÇFÇ ÇÊEâ á ÇÉ.Þ Ç.
 ß.ß
É.áE
 KFÊ ÇKFß Ç¯Tâ ¯ ÇámÇ ¼E
 ßEÇ
É.áE
 Ê ÇÞmÇ ßmâ Þ ÉEÇFÇ ¼E
ãÇÊ
É.áE
 áFÉ É.Ê.ß Þmâ á É.á.¯ ¼E
 ¼FÉ
äkå æ<çRè
3²bµ¨§Ù®|Í|ãBþã®F?~\B<?©;ªd~®FB©?|94Â?~ 
N4«ÀéEêmëìíë(îC¶ïÇÞ.ßàF¹Q4|9Ê.®?«.è|.þè~ﬂ~9E
µY| Q®
²bµY§~¨..®²	Â;¬4`Å«¬4m

ð
7u
É
:,b¸432µ1%(¸
²
'<Áµ,0º52%(=/%04¹5;=.#&:
²
5V,O³95;,4/16Z52:1,&À_=<6<,'),6
²
*%
¾
=52%¸_êg¼
ç
0
²
32,N3;,
²
')%0º52%¸»
É
:9µ10
²
*1%)=52%¸
°
êg¼ 6<%0º523;%)*µ52%(=/
²
/16ÍÃ,43252%¸
²
'
²
'(%)´/À,4/5=Ä
²
´,J=/·3;,0
±
,¸«52%(Ã,J%0º=
±
89¸4/
²
'0
:
²
Ã,g52=*-,.Ã
²
')%6
²
5;,6»
É
:,_Ã,3º5;%(¸
²
'
²
'(%)´/À,4/5^=Ä
²
´,N=/
²
/X%02=
±
8<¸O/
²
'ﬂ%0
²
¸O=/
¾
02,Áµ,/1¸O,N=Äñ6<%)3;,¸O5LhQÀ
²
/
±
µÀ
±
%)/1´
²
/-6752:,e02µ*¦6<µ1¸O52%(=/
=Ä#
²
5;,43b6<µ,Ê5;=0º=µ<52:9#
²
3?6d02:=
²
')%(/´=Äﬂ52:,.#&%(/52,43FÀ_%)³<,6
'
²
8,3»ê^/,&À,
²
0ºµ132,Â=Ä-52:,^0ºµ*¦6<µ1¸O52%(=/3
²
52,Â%0Q52:1,&Ã,4'(=<¸O%)58
ñ
|
v
ÔS òló
òlô
6,43;%)Ã,67Ä$3;=À 52:,ZÀ_,
²
/XÃ,43252%¸
²
'
²
´,N´3
²
6<%(,4/5
"}Î1ÏÐÑÒÐ+ÓN"ÔÕÖ×>º>«»ﬁ/52,3;¸4=À
±1²
32%0º=/e*u,O5#Y,4,/_À=<6<,'),6
ñ
|
²
/167,0º52%(À
²
52,0&=ÄFÎ1Ï1ÐÑﬂÒÐﬂÓ"ÔÕÖ9×>­*
²
02,67=/J=*10º,32Ã
²
52%(=/10
"
Éﬂ²
*»
½
>Z0º:1=x#b0e´==<6
²
´3;,4,À,4/5
²
5_'(,
²
05_Ä$=3_52:1,7µ
±±
,3
5#Y=N%0º=
±
8<¸4/
²
'0ñ#&:%¸?:C¸O=/523;%)*µ52,b5;:,F'(%(=/10
±1²
325¨=Ä
²
*%(=52%¸
êg¼
ç
%(/752:,.#
²
5;,43&¸O=')µ1À_/+»
ºg» õöÚ e¬ Û<éEêTë(ìíë(î¶ïÇÞFßà.¹ õöÚ e¬AÛ-.®;è?
É.áE
 ÉA¼ ¯F¼ ¯á
É.áE
 KFÊ ¯.¯ KFá
É.áE
 Ê K.Þ É.á
É.áE
 áFÉ àAÞ ÉFÉ
äkå æ<çRè ³£²b~2ª«X|Ì.®?« ~ ©;®| º4;~?;ª«
(® þ­.«4|.®1ª;©«4ý¨ýº?|x~|.þh¾;º®¿-è|ýF

É
:,_À=<6<,4'(,6Å6<%(0º523;%(*µ<52%(=/Ì=Ä
²
*%)=52%¸
°
êg¼]%)/Ì52:,_3;,
¾
´%)=/eµ/16,43V¸O=/10º%6<,3
²
52%(=/N#
²
00º:1=x#&/N52=g*u,Â6,O52,32À%(/,6e*98
5;:,&%)/5;,43
±
'
²
8.*u,O5#Y,4,/ZÃ,43252%¸
²
'
±
,4/1,O523
²
5;%)=/Z=Äu02='
²
33
²
6<%
²
¾
5;%)=/
²
/16CÃ,43252%¸
²
'-6<%)ô¦µ10º%(=/+»
É
=e#&:
²
5­,O³95;,4/16d%(0ñ52:
²
5Y%(/52,43
¾
±
'
²
8Í3;,
²
')%0º52%¸
²
'('(8ãÀ_=<6<,'),6÷%ﬁ/5;,43?¸O=À
±1²
32%02=/Í#&%)52:À,
²
¾
02µ3;,4À,4/5;0Y=Äﬂ6<%0202='(Ã,6
²
3;´=/C¸
²
/d´%(Ã,
²
/
²
/10º#Y,43¨52=Z52:
²
5
Áµ,05;%)=/02%(/1¸O,
²
32´=/e%0
²
/%(/,4325ñ´
²
0Q#&:=02,
±
:98<0º%¸
²
'
±
32=
±
¾
,3º5;%),0C"$,» ´-»+0º=')µ1*%)'(%)58
²
/-6Å6<%)ô¦µ10º%(Ã9%è58>
²
32,¸4')=0º,_52=J5;:=02,
=Ä^=³<89´,4/
²
/16l:
²
Ã,
²
02%)À%('
²
3e5;,4À
±
,43
²
52µ132,J6<,
±
,4/-6<,4/1¸4,
"øgÏ1Ð+ÓùﬂÐ·"ÔÕàT>º>O»
¼F/<Ä$=3252µ/
²
52,')8
²
3;´=/FÀ,
²
0ºµ132,À_,/5;0
²
32,Q/=552:
²
5+#&%(6,0
±
32,
²
6»
É
:,Â*u,0º5V#¨,Â¸
²
/Z6<=Ê:,32,¹%0µ102%)/´g5;:,&6
²
5
²
02,O5Q=Äb$&ÒÜâÏ('
Ý+Ð+÷ Î1Ï1ÐÑﬂÒÐﬂÓÍ"ºÔÕÖÕ>
²
5c5
²
52%(=/£ "
½
ä
U
Ç
àæ
U
ﬃé>
/,
²
3
ÈY,43;Àeµ-6
²
»*!%(´1»àX0º:1=x#b0g52%(À_,70º,32%(,0N=ÄÂ52,À
±
,43
²
5;µ3;,
²
/16
²
32´=/N=xÃ,43?0
²
52µ3
²
5;%)=/.À_,
²
02µ3;,6e6µ32%(/´
°b±
3;%('ÔÕÖ 
¾
°b±
32%('
ÔÕÖà
²
0V#¨,')'
²
0VÀ=<6<,4'(,6Z5;,4À
±
,3
²
52µ3;,
²
/-6
²
*%(=5;%(¸Y=³<89´,4/
=xÃ,43?0
²
52µ3
²
5;%)=/»ùﬃÅ,C¸4=/1¸4')µ16,52:
²
5.52:,dÀ_=<6<,'ñ%0e¸
²±1²
*1'),
=ÄY3;,
±
3;=<6<µ1¸4%)/´
52:1,À_%)³<,6
¾
'
²
8,43Ê6<,
±
52:
²
/-6Ì´,O5;0Ê3;=µ1´:'(8
5;:,Ê32%(´:5
²
À=µ1/5Â=Ä=xÃ,3;0
²
5;µ3
²
52%(=/%(/d5;:,.0º,
²
02=/
²
'15;:,43
¾
À=<¸O'(%)/1,»
Ç
=52,52:
²
5X52:,ÍÀ_=<6<,'Nµ102,6 %(/ 52:%0Ì0º52µ-6<8
±
3;,6%(¸O5;0 5;:,
3;%)´:5
²
À_=µ/5.=Ä­=xÃ,43?0
²
52µ3
²
5;%)=/ #&%è5;:=µ<5
²
%)3Ê%(/_,¸O52%(=/
²
5
5;:,.0ºµ32Ä
²
¸4,FÃ9%
²
*µ1**'(,^,/5;3
²
%)/1À_,/5¹9#&:%('),$&ÒÜâÏ'ØÝ+Ð÷
Î-ÏÐÑÒÐ+Ó7"ÔÕÖÕ>b¸4=/1¸4')µ16,¹¦*
²
02,6X=/
²
Ô
¾¿
Ã,3º5;%(¸
²
'*µ'Q
À%)³9,6Æ'
²
8,43ÊÀ=96,4'V5;:
²
5.æå9ë =ÄY52:1,C0ºµ*-0ºµ32Ä
²
¸4,Z=xÃ,43?0
²
5
¾
µ3
²
5;%)=/l%(/0ºµ1À_À,3%(0C6µ,752=ã*µ*1*'), ,/523
²
%(/À,4/5»
°F±
¾
±1²
3º5JÄ$3;=À 5;:,ØÀ_%0;0º%(/´ =xÃ,3;0
²
5;µ3
²
52%(/´ã,Oô¦,¸O5X=Äe*1µ**'(,
,/5;3
²
%)/1À_,/5_"
²
/16J5;:,
½¾¿
²±±
32=
²
¸?:->¨5;:,ZÀ=<6<,'ﬂµ102,6X%)/
5;:%(0^05;µ16<87:
²
0b5#¨=C02µ*10º5
²
/52%
²
'+6<%)ô¦,43;,4/1¸4,0óÔ»o,32'(=xÃC#
²
¾
5;,43C58
±
,cﬁ#
²
0µ102,6 %(/10º52,
²
6 =Äﬁ
°
¹Y%r» ,»Y0º='
²
33
²
6<%
²
52%(=/
±
,4/,4523
²
5;,0ñ6<,,
±
,43¨%)/52=Ê5;:,b=<¸O,
²
/»ä»ìV,43252%¸
²
'16<%)ôuµ-0º%(Ã9%è5;%),0
02,O5*98Ì5;:,d5;µ3;*µ'(,4/1¸4,
¸O'(=02µ3;,d0;¸?:,4À,
²
/16Ø5;:,
±1²
3
²
À,
¾
5;,43;%)Ë
²
52%(=/ =Äñ6<=µ*1'),e6%èô¦µ102%)=/X*-,')=x# 52:1,eÀ%è³<,6J'
²
8,43
²
32,
Öåë¶')=x#Y,435;:
²
/Ê5;:,FÔFúû:Aüm8<;
±
32,02¸432%(*-,6g*8J$&1ÒÜâÏ('
Ý+Ð÷
á °¨?|;Â;0±;gI­|9?~h²Y~©ºþ?~
Î-ÏÐÑÒÐ+Óg"ÔÕÖÕ>«»
É
:,0º,Â'(=x#¨,36<%)ô¦µ10º%(Ã9%è5;%),0V¸O=%)/1¸4%(6,Y*u,O5252,3
#&%)52:=*10º,32Ã
²
52%(=/
²
',05;%)À
²
52,0ñ=Ä¨Ú­Ï1÷uÛÏ1ÞÞÏ<ÜXÝﬂÞ-ß¦"ºÔÕÕÖ>
²
/167Ú­Ýö 'ÏÐÜÝﬂÐ÷$øH4*1FÒÜ¦Ü"ÔÕÕÕ>«»
°
À=<6<,'¨3;µ/ã#&%)52:
²
o,43;')=xÃÌ#
²
52,43N58
±
,
¸?:
²
/´,6ÅÄ$32=Àýﬁ
5;=%ﬁ
°
32,6<µ1¸4,6Å52:,dÀ
²
³<%)ÀZµÀ =ÄY=xÃ,43?0
²
52µ3
²
5;%)=/Ì*98Ì=/'(8
å1»)ÔxëC»	9=l52:,ÅÄ$µ/16
²
À,4/5
²
'.6<%èô¦,43;,4/-¸O,Ì*u,O5#Y,4,/¶5;:,Ì5#Y=
À=<6<,4'0Â%0­5;:
²
5Â5;:,J$&ÒÜâÏ('Ý+Ð÷ÍÎ-ÏÐÑÒÐ+Ó_"ÔÕÖÕ>VÀ=<6<,'
±
3;,6%(¸O5;0
²
:%(´:1,43Y')=020¨=Ä+=xÃ,43?0
²
52µ3
²
5;%)=/*-,')=x# 5;:,^À%)³<,6
'
²
8,3Ê6µ,52=Jµ
±
#
²
3?60.6<%)ôuµ-0º%(Ã,5;3
²
/10
±
=325.#&:%¸?:Æ%0N¸4=À
¾
±
,4/10
²
5;,67*98C*µ*1*'),.,/523
²
%(/À,4/5ÂÄ$32=Àp52:,N02µ32Ä
²
¸4,»
É
:,Æ,4Ã
²
')µ
²
52%(=/ =ÄN5;:,
±-²
3
²
À,O5;,43;%)Ë
²
52%(=/=Äe*µ*1*'),Ø,/
¾
5;3
²
%)/À,/5^µ10º,67*8y$&1ÒÜâÏ('lÝ+Ð÷ Î1ÏÐ+ÑﬂÒÐ+ÓC"ÔÕÖÕ>Y%(0b*-,
¾
8=/16d52:,N0;¸O=
±
,Ê=Äﬂ5;:%(0b#¨=3Q¦»g-b,32,¹#¨,b_µ10º5b#
²
/5Â52=/=52,
5;:
²
5
²
0ºµ1%è5;,g=ÄﬂÀ=<6<,4'3;µ/10Y#&%)52:J6<%)ôu,32,/5b02µ32Ä
²
¸O,g*u=µ/16
¾
²
328ã¸O=/16<%)52%(=/10ZÄ$=3_=³<89´,/é"$:
²
'(Ã,6
±
%(0º52=/lÃ,4'(=<¸O%)58¹
±
32,
¾
0;¸O3;%)*u,6Å0
²
52µ3
²
5;%)=/
²
5g52:,02µ3ºÄ
²
¸O,¹
±
3;,0;¸O%(*u,6X=xÃ,43?0
²
52µ3
²
¾
5;%)=/Ì=Ä
½
ë
²
5g52:1,02µ32Ä
²
¸4,eÀ%)À%¸Q9%)/´
52:1,_=xÃ,43?0
²
52µ3
²
5;%)/1´
,4ôu,¸«5
=Ä.*µ**'(,Ì,/523
²
%(/À,4/5?>02:=x#Y,6·5;:
²
5C5;:,
²
*%(=52%¸
êg¼
ç
,0º52%(À
²
5;,J"ºÔFæúÜúûþß
u
:
Sú : S
Ł
>F%0Ê32,'
²
52%(Ã,4'(8J%)/-0º,/
¾
02%è5;%)Ã,Æ52=x#
²
3?60C5;:,02,¸?:
²
/´,0Æ"
²
'('.À=96,4'.,0º52%(À
²
5;,0
²
32,
#&%)52:%(/ØÔä×Ê5;= ÔàæhúÜúûþß
u
:
Súû:FS
Ł
>O»
°
/=5;:,43
±
=52,4/5;%
²
'F¸
²
Ã,
²
5C%0/9µÀ,43;%¸
²
'^6<%(0
±
,43?0º%(=/ó
É
:,
À=<6<,4'¦µ102,0
²
¸4,4/523
²
'
¾
6<%èô¦,43;,4/-¸O,
²
6<Ã,¸«5;%)=/d02¸?:1,4À,»
É
:,02,
0;¸?:,4À,0
²
3;,ﬂQ9/=x#&/Ø5;=Å¸
²
µ102,C/9µÀ,43;%(¸
²
'¨6%(0
±
,3;02%(=/¶"$,» ´-»
W_Óø4ÞÒÏ-Ó"ÔÕÕÕ>º>¨#&:%¸?:J%(0b6,
±
,4/16<,/5F=/752:1,.32,0
±
,¸O52%(Ã,
5;3
²
¸O,43´3
²
6<%(,4/5»
°
0C=³<89´,4/
²
/-6Í5;,4À
±
,43
²
52µ132, ´3
²
6<%),/5;0
6<=Æ/=5_/,,652=Æ*-,J%6<,4/52%¸
²
'r¹Q/9µÀ,43;%¸
²
'Â6<%0
±
,43?02%)=/À
²
8
±
3;=<6<µ1¸4,Zµ/-6<,43
¾
²
0^#¨,')'
²
0F=xÃ,43?0
²
52µ3
²
5;%)=/»ﬁ/Ì52:,3;,4´%(=/
µ/-6<,43d¸4=/102%6<,43
²
5;%)=/¹Q:=x#¨,Ã,3¹52:1,02, ,Oô¦,¸«5?0C¸
²
/l*u,X/,
¾
´'),¸«52,6
²
0F%è5g#
²
0F02:=x#&/752:
²
5F52:1,Z¸O=Àe*%(/,6 ,Oô¦,¸O5^=Ä
²
6
¾
Ã,¸«5;%)=/
²
/16J:=32%(Ë4=/5
²
'ﬂ6<%èô¦µ102%)=/ =/
°
êg¼ 6%(0º523;%)*1µ<52%(=/ %0
3;,4'
²
5;%)Ã,4'(8C0ºÀ
²
'('ñ" !%(´1»
½
>«»
 
uﬂzr-
É
:,¸4=µ
±
'(,6
½x¾¿
¸O%(3;¸4µ'
²
52%(=/
¾
=³<89´,4/ À=<6<,'Vµ10º,6X%(/Ì5;:%0
0º52µ168Z:
²
0
±
3;=xÃ,6N5;=N*-,^0ºµ1¸¸O,020ºÄ$µ'1%(/C0º52µ16<89%(/´
²
*%)=52%¸
²
')'(8
±
3;=<6<µ1¸4,6
²±1±1²
3;,4/5C=³<89´,4/ µ<5;%)'(%0
²
52%(=/%(/52:,Å0ºµ*523;=
±
%
¾
¸
²
'´83;,.=Ä52:1,
Ç
=3º5;:
°
52'
²
/52%¸»!1µ/16
²
À,4/5
²
'ﬂ6<%)ôu,32,/1¸O,0
¸4=À
±1²
3;,6Å#&%)52:
²
/Æ,
²
32'(%(,43Ô
¾¿
²±±
3;=
²
¸?:·"\$&1ÒÜâÏ(' Ý+Ð÷
Î-ÏÐÑÒÐ+Ó^"ÔÕÖÕ>º>¦#Y,43;,V52:1,¨/,´'(,¸O5ﬂ=Ä
²
%(3+%(/_,¸O52%(=/e*98Ê*µ*
¾
*'(,,4/523
²
%(/À,4/5
²
5g52:,02µ32Ä
²
¸O,
²
/16Å'(=x#¨,3^Ã,43252%¸
²
'Q6<%)ôuµ
¾
02%)Ã9%)52%(,0Â*u,4%(/´À=3;,.¸O=/-0º%05;,4/5&#&%è5;:J=*102,43;Ã
²
52%(=/-04»
a =<6<,'),6ã0ºµ1*u6<µ-¸«52%(=/ã3
²
5;,0.#&%)52:1%)/Ø5;:,C,
²
05;,43;/ã0ºµ*523;=
±
%
¾
¸
²
'´8932,Z=Äñ5;:,
Ç
=3º5;:
°
52'
²
/52%¸
²
5
²
02%è5;,_¸
²
'('),6 5;:,_ÈY,45
²
É
32%
²
/1´'(,¹x#Y,43;,&%)/´==<6
²
´32,,4À,4/5V#&%è5;:52:,F=*102,43;Ã
²
52%(=/
²
'
,05;%)À
²
5;,0ﬂ=ÄñÎ1ÏÐ+ÑﬂÒÐ+ÓF"ÔÕÖ9×>«»
É
:9µ10ﬂ%è5V#
²
0
±
=0;02%)*'(,¨52=^¸
²
'
¾
¸4µ'
²
52,&5;:,
²
*%)=52%¸YÄ$3
²
¸«5;%)=/_=Ä¦52:,b=³<89´,/Zµ52%(')%0
²
52%(=/3
²
52,0
,05;%)À
²
5;,67*987Î-ÏÐÑÒÐ+Ó"ÔÕÖ9×>«ó
ê^/e52:,Yµ
±±
,43;À=0º5%0º=
±
89¸4/
²
' Ø
Ù
v
äà äbµ10º,6N%(/N5;:,¨3;,
±
,¸
¾
5;%)Ã,d05;µ16<8Æ52:1,
²
*1%)=52%¸,Oô¦,¸O5Z#
²
0ÊÄ$=µ/16Ø5;=X,O³¸O,,6 Ôåëd»
É
:,ÂÃ,43252%¸
²
'%(/5;,4´3
²
'r¹:=x#Y,4Ã,43¹02:=x#¨,6
²
*%
²
0=Äu'),020ﬂ52:
²
/
½
ëC»9=#¨,N¸
²
/J¸O=/1¸O'(µ16<,Ê5;:
²
5F#&:1%)'(,
²
*%(=5;%(¸Ê=³<89´,/dµ<5;%)'(%
¾
0
²
5;%)=/N#
²
0+02:=x#&/.5;=g¸4=/102%(6,43
²
*'(8^,4ôu,¸«552:,	9=µ<52:J
²
¸O%
ð
¸
°
/5
²
3?¸«5;%(¸Jﬁ/52,32À,6%
²
52,ﬃ
²
52,3N*98ÆõÊö+ÓÓ4ÏÞÞÆÝ+Ð÷ áÒ$ø-Ñ*)
Óù+Ð "}äåå
½
>Y%)5F%0b=ÄQÀ%(/=3^%)À
±
=325
²
/1¸O,N%(/J52:1,e0ºµ1*<523;=
±
%¸
²
'
Ç
=3252:
°
52'
²
/52%¸»
L­Ã%6<,/5;')8^=5;:,43À,¸?:
²
/%02À052:
²
/
²
*%(=52%¸
²
')'(8b%(/<Ä$,43;3;,6g=³<8
¾
´,4/Nµ<5;%)'(%0
²
52%(=/N3
²
5;,0ﬂ/,4,6Ê52=^*-,Y,O³
²
À%(/,6.52=F3;,¸4=/1¸4%)'(,ñ5;:,
²±±1²
3;,4/5b6<%02¸432,
±1²
/-¸O8C*u,O5#Y,4,/7/9µ<5;32%(,4/5F02µ
±±
'(8
²
/167,0º52%
¾
À
²
5;,6Å=3;´
²
/%(¸
¾
À
²
5º52,3F,4³
±
=325g6,43;%)Ã,6 Ä$3;=À =³<89´,/Ì¸O=/
¾
02µÀ
±
52%(=/+»
 x9ﬂ
øÊÏÐ+ÓùﬂÐHøßøß¹ÔÕàTóE9=À,Â52:1=µ´:5?0Q=/´
²
0º,0Q6<%(0;02='(Ã,6
%)/Ê5;:,ñ=<¸O,
²
/10»ﬁ/ó	
		ﬁﬀﬃﬂ	
! #"$&%'"(_¹
¿
»
ç
»
<¸?:%(/(Q
²
/16%o-»
É
»<6¨=3;'),020¹-F´1»(¹-¼b/1%)Ã¦»u=Ä
ç
:=<6<,`ﬁ02'
²
/16
êg¸4¸
²
02%)=/
²
'<ñµ1*'r»(¹
±
»Õ1Ô*)¦Ôå×<»
áÒÏ<ÜâÏ!j
ß+-,7ßW_Óø4ÞÒÏ1Ó
²
/-6 ?_ß/.Ý*4+ÞÏ('¹7äååæ1ó
ﬁ/52,43;/
²
'
¾
#
²
Ã,Ø%)/16µ1¸O,6
²
/16ï6<=µ*'(,
¾
6<%)ôuµ102%(Ã,/9µ<5;32%(,4/5
N1µ<³<,0.52=J52:1,/µ523;%),/5
¾
¸4=/102µÀ%(/´ 0ºµ32Ä¸
²
,'
²
8,43Ê%)/Ø5;:,
='(%)´=5;32=
±
:%¸ã0ºµ*523;=
±
%¸
²
'
Ç
=3º5;:
°
52'
²
/52%¸»10#$"$ﬂ	324	5
6ﬂ798:(;«¹
 ð
"Ô>O¹
±
»16=%}ó)Ôå»(Ôåå9×mr04Ôåä
½
à)9åå
½
)<ååTæ7)<×9»
=g÷+ÏÐ<Zß
²
/16=,
ßW_ÓøH4+ÞÒÏ1Ó¹uäåå
½
02µ*ÀJ»(óLVô¦,¸O52%(Ã,N6<%)Ä
¾
Ä$µ102%)Ã9%)52%(,0¨%)/À=<6<,4'0ñ=Ä¦52:,
Ç
=3252:
°
5;'
²
/52%¸»T
²
3º5ﬁ«ó0ºµ1*
¾
523;=
±
%¸
²
'V52:1,43;À_=<¸4')%(/,»?>@7A
*6ﬂ7BCED9%F;*8:&ﬂ7BG0H$"$ﬂ	IJK
ﬂ	5
L%x»
=&(&ÞÏ7>?õCß@M ß
²
/16ﬂøß<Îﬂßg?^Ï<ÜÏ('ÓùﬂÐQ¹ÔÕ×ÕóA
²
3º5;%(¸4µ'
²
52,
=3;´
²
/%(¸ÂÀ
²
5º52,3N1µ³
²
/16
±
'
²
/Q5;=/%¸&/,#
±
32=<6<µ-¸«52%(=/d%)/
52:,N6,4,
±
=<¸O,
²
/»'N9ﬂ	OPA
"4¹
O'QùO
¹
±
»1à××)9àÖå1»
dZÝ#'uøuÒÝCj7ßk=Zß
²
/16Ú^ßSRßdù*'÷ù+ÐV¹+ÔÕÕäó¦êF³<89´,4/X02='
¾
µ*%(')%)58ã%(/Í0º,
²
#
²
52,3ó*u,O5252,3
ð
5º52%(/´Å,Áµ
²
5;%)=/10»STS8U9I	BV
0H&"$ﬂ76&J7
(¹
6WYX[ZI\
¹
±
»+Ô
½
å9×)¦Ô
½
Ôä<»
d_Òfe¦Óù+ÐÂÎﬂß	 ß:b?ZßÝ+ÞÞTeuÏ('ù[C®$ß^]J&(&Ý+ÞÝC#,7ßbj_Ï(')
ÐÝ+Ð÷ﬂÏ1âL_,7ß3`_ù#1Fö*'¦Ý
²
/16 =Zß $uÏ('<'¦ÝﬂÐ+ùV¹éÔÕÕ9×9ó
Lb6ba%ﬃ3!
ç
,
¾
°
/
²
'(8902%0£­32=m_,¸O5 3;,
±
=325 0º,32%(,0»ﬃaSbc
d
"(;(
*8 IO+8:7LeﬁaA
gfS"'OhD(7
ﬃﬀﬃ"
d
8UAﬁ5:bﬂ7J"jik"$ﬂ7OU%'"(

l
7
"$$ﬂF;*O+8U@J	emb"$ﬂ
d
8UJ7eonIpZ¹
í
¹
±
»u×ä
±±
»
jZÝ+ÐÏ7>ñõCß­Ú^ß¹ÔÕ9×9Ôóù9µ32Ä
²
¸4,e5;:,43;À
²
'*-=µ/16
²
328 ¸O=/16<%
¾
52%(=/10Ä$=3V=<¸O,
²
/Z¸4%)3?¸Oµ'
²
5;%)=/eÀ=<6<,4'0»L>@7A
*6ﬂ7B'ED?%F;*8:&ﬂ7B
0H&"$ﬂ76&J7
ﬂ$L%x¹
í
¹
±
»-äæ1Ô*)äxæÖ»
Î-ÏÐÑÒÐ+ÓK'M ßÎﬂß¹9ÔÕÖäóêF³<89´,4/eµ<52%(')%0
²
52%(=/Z3
²
52,0ﬂ%(/
Ç
=3252:
°
52'
²
/52%¸C02µ*<5;32=
±
%(¸
²
'V´83;,
²
/-6
±
32%(À
²
3;8
±
3;=96µ1¸«5;%)=/ã%)/
='(%)´=5;32=
±
:%¸^028<05;,4À04»'N9ﬂ	OPA
"4¹
q6q
¹
±
»-äxæàF)<äæÖ1»
Î-ÏÐÑÒÐ+ÓK4M ßNÎﬂß¹gÔÕÖ9×9ó
½
-
²
/16
½
-F,Ì%(/52:1,ÆÈY,O5
²ÍÉ
32%
¾
²
/´'),óê^*102,43;Ã
²
52%(=/-0Ê=Äbòg83;,ìV,4/5;%)'
²
5;%)=/
²
/16êF³<89´,4/
¼&5;%)'(%(0
²
5;%)=/
ç
²
5;,0»C>	A
*6ﬂ7B?EDﬁ%@F;*8:$ﬂ	BG0#$"$ﬂ	IJK
ﬂ$L%@x¹
íW
¹
±
»-×à
½
)×xÖ
½
»
Î-Ï('Þù i?k`
ß@d7ß$¹CÔÕ9×xàóna
²
32%(/,éê
±
5;%(¸04»ﬁa^Br;"(s8:"(
tN9"(u
v
	
w»
ÏÏ1ÞÒÐ*[?_õCßyxÊß:Àø_ßøß$-ÜÏ(&(4+ÏÐ+ÓzeõCß]d7ß4`ZÝ!{*{?Ý*'S
$ßC<ZßQáùﬂÐÏ7>áJßm,J'uø4Ï('
²
/-6/|éßZj_ÏÒf1FÝ+ÐÐQ¹ﬂÔÕÕÖó
9,
²
0º=/
²
'<Ã
²
32%
²
5;%)=/10%)/_52:1,
²
52À=0
±
:1,43;%(¸bêÊäTr
Ç
äF3
²
52%(=Ê%)/
32,'
²
52%(=/5;=N5;:,®Q9%(/,O5;%(¸0­=Ä
²
%(3
¾
0º,
²
´
²
0ñ,4³<¸?:
²
/´,»} ^BVz~&ﬂ7B

8:&J"&$%L"98:$ﬂ	B^fmKBV"*;«¹
ígO
¹
±
»Ôæ1Ô*)¦Ôà
½
»
Ú­Ý¦ö*'ÏÐÜSÚFßH$Qß
²
/16õCßLM ß$¦ø4 1^ÒÜ¦Üﬂ¹9ÔÕÕÕ1ó
É
:,Â¸O=/5;32%
¾
*µ<5;%)=/
=ÄZ
²
')5C!%)/´,43?0ñ5;=ZÃ,43252%¸
²
'uÀ%)³<%)/´_%(/C52:1,
Ç
=3252:
°
52'
²
/52%¸
É
3
²
¸O,3
ç
,4'(,
²
0º,CLñ³
±
,32%(À,4/5»6>@7A
*6ﬂ7B6ED^%@F;*5
8:$ﬂ	BC0H$"$ﬂ	IJK
ﬂ&'%@x¹
O'
¹
±
»Ôæåæ7)uÔæäxæ-»
Ú¨Ï÷uÛCÏÞÞ6Î+ß¦õCß+,
ß¦ÎﬂßIMÍÝ<ÜÓùﬂÐ
²
/16-<Zß*$ßÚ­ÝÛJ¹-ÔÕÕÖó
a %)³9%(/´C=Ä
²
5;3
²
¸O,3&%)/J5;:,
±
8<¸O/=<¸O'(%(/,»!>7A
*6ﬂ	BEDg H"$	5
L%F;$8:$ﬂ7BIbG"*;"$ﬂ	
$%9¹
í@qXdí@qI\
¹
±
»-ä<Ô¹ æÕÕ	)<ä<Ô¹ äÕ1»
_®?|ýNA®©CB®©;®|_®+AB B4?|xñ®DE ý?|_è~Oè®||_þÂ®èý®®.Bþ©F~ ®FB©«4HG¨®þJIVè4|© à
Ú¨Ï7iﬂÒÜö+Ózn$ß+^õdßøÊö 'ù[ﬂÏ<Ü¦Ü
²
/-6jß2?Zßø.ù>ﬂÏ('¹bÔÕÕæ1ó
ﬃÅ=32'6dêg¸O,
²
/
°
52'
²
0FÔÕÕæ1»xìV=')µ1À_,
½
ó 
²
'(%)/%)58»
Ç
=
²².²
5
¾
'
²
0Â/,0;6<%0
½
¹
Ç
ê
°^°
¹gﬃ
²
02:%(/´5;=/
¿
»È6^»
Ú¨Ï9ÛCÒ$ÓK!|éßõCß+Zd7ß jZÝ*'<'Ò$Óù+Ð`7ß#$ßZW.Ý+ÑÏ7>?áJß j_Ï(')
e-Ï'Ü
²
/16tßh?^ÞÝ<ÜuÜ¹VÔÕÖà1ó1ìV,3º5;%(¸
²
'Q/%)523
²
52,N1µ<³<,0^%(/
52:,.=')%(´=523;=
±
:1%(¸^=<¸O,
²
/»II8:"6$"O¹
OHð
¹
±
»1Ö×åF)9Ö9×
½
»
W_Óø4ÞÒÏ-ÓK,7ß¹-ÔÕÕÕó
°
/Cµ/3;,
²
')%0º52%¸&:%(´:
¾
0
²
')%(/%)58e5;=/´µ,
0º%(Àeµ1'
²
52,6 %(/5;:,X5;32=
±
%(¸
²
'
°
5;'
²
/52%¸ó
²
/=5;:,43
,O³
²
À
±
'(,
%)'('(µ105;3
²
52%(/´J52:1,C/,4,6ÆÄ$=3
²
À_=32,C¸
²
3;,OÄ$µ'ñ523;,
²
5;À,4/5e=Ä
Ã,3º5;%(¸
²
'b6<%02¸432,452%(Ë
²
52%(=/10%(/ êÊò`6baX0»o0#$"$ﬂ	ﬀﬃ
d
"(B8U@J¹
í
¹
±
»Ôå1Ô*)uÔåÕ1»
W_Óø4ÞÒÏ-ÓK/,7ß:yj
ßØáÒÏ<ÜâÏ
²
/16 ?Zß .Ý*4+ÞÏ('¹däåå
½
ó

²
')5
¾
ð
/´,43Ì632%(Ã,/ ,/:
²
/1¸O,À_,/5Ì=Äµ
±±
,43Å=<¸O,
²
/ï/9µ
¾
523;%),/5Z0ºµ
±±
'(8» H"$&'%@F;*8:$ﬂ	Bb"(;"$ﬂ	
$%ﬃTY"(OPOh"(
$;«¹
6q
"}ä
½
>O¹
±
»16<=%ró(Ôå1»)ÔåäÕ räåå
½
rò
5
å<ÔÖTmä»
W_Óø4ÞÒÏ-ÓKS,7ß:M ßkù+ÏgiﬂÏ
²
/16/JßMdZÝ*'ø 4ù+ÐQ¹¦äåååó
°
/
,668
¾
±
,43;À_%)5º5;%)/1´J¸4=µ
±
'),6
±
:98<02%(¸
²
'
¾
*%(='(=´%(¸
²
'ﬂÀ_=<6<,'ñ=Ä
52:,
Ç
=3252:
°
52'
²
/52%¸»(
²
3º5ﬁlﬁ«ó(L¨¸O=028<05;,4À 6<89/
²
À%(¸0
²
/16
¸O=À
±-²
3;%(02=/ #&%è5;: 0
²
52,4'('(%è5;,
²
/16£oòNê! '(=9¸
²
'N0º52µ16%),0
6
²
5
²
»S ^BVz~&ﬂ7B

8:J"$$%L"ﬁ8:&ﬂ7B^fKBV"(;«¹
í7ð
¹
±
»1æÕÕ	)gä
½
»
õÊö+ÓÓ4Ï1ÞÞ6QÎ+ßVÚFß
²
/16,
ßhd7ßQáÒ$øuÑÓù+ÐV¹uäåå
½
ó<ì
²
3;%
²
*%)'(%)58
%)/=³<89´,/
²
/16/9µ<5;32%(,4/5;0­%)/X<=µ<5;:X
²
¸4%
ð
¸
°
/5
²
3?¸«5;%(¸Cﬁ/
¾
52,32À,6%
²
52,ûﬃ
²
52,3» ^BVK~$ﬂ7B

8:&J"&$%L"98:$ﬂ	BﬁfmK(BŁ"*;«¹
íLW
XO6\
¹
±
»Ôå
½½
¹96<=%ró(Ôå1»)ÔåäÕ7räåååòÊÈÂååÔ
½
Ô×<»
$&1ÒÜâÏ('SM ß$ß
²
/-6M ßÎﬂßÎ1ÏÐ+ÑﬂÒÐ+Ó¹9ÔÕÖÕó
ç
²
5;,0=Ä-Ã,43
¾
52%¸
²
'À%è³<%(/´1¹-´
²
0Â,4³¸?:
²
/´,
²
/167/,#
±
32=<6<µ-¸«52%(=/+óL­0º52%
¾
À
²
52,0Ä$3;=Àï02,
²
02=/
²
'x´
²
0+¸489¸4'),0%(/.52:1,­µ
±±
,43ﬂ=<¸O,
²
/./,
²
3
ÈY,43;Àeµ16
²
»K>	A
*Iﬂ	B[DSﬀﬃﬂ	
*8UI"b"(;"$ﬂ	
$%9¹
ðIW
¹
±
»ÔàÕ	)uÔÕà»
$-Üù#1®1^ÏÞMj
ß
²
/-6xÊß	$øH4ﬂùÜ¦Ü¹ñÔÕ9××<ó
É
:,CÈY,45
²

±
%(3
²
'
²
/16l5;:,X6<,O5;,43;À%)/
²
52%(=/ =Äg52:1,
²
*102='(µ<5;,7Ã,4'(=<¸O%)58
ð
,4'6
Ä$32=À`:98<6<32=´3
²±
:1%(¸705
²
5;%)=/·6
²
5
²
»C29"$"h65I"$ﬂbG"*;"$ﬂ	
&&%<¹
O(ð
¹
±
»
½
ämF)
½
äÕ»
YZ4Ý+Ð*[?+Î+ß+ﬂõdß!M ß$¦ø4 1^ÒÜ¦Ü
²
/16ÆõCß7ß#jZöÝﬂÐ*[V¹ÔÕÕÖó
9,4/-0º%)52%(Ã9%è58_=Äu52:,gò!
¿
5
a =<6<µ1'
²
3Yêg¸O,
²
/]a =<6<,4'152=
±1²
¾
3
²
À,O52,32%(Ë
²
52%(=/=Äg6<=µ*'(,
¾
6<%)ôuµ102%(Ã,
±
3;=9¸4,0;0º,04»#>	A
*Iﬂ	B
EDGC%@F;*8:$ﬂ	BC0H$"$ﬂ	IJK
ﬂ&'%@x¹
O'Q
¹
±
»HÖÕ	)9àå <»
ß °¨?|;Â;0±;gI­|9?~h²Y~©ºþ?~
−6
−5
−4
−3
−2
−1
0
1
85.2 85.4 85.6 85.8 86 86.2
0
50
100
150
200
time [dez. yr]
D
ep
th
   
[m
]
∆ Argon saturation [%]
a 18
20
22
24
26
85.2 85.4 85.6 85.8 86 86.2
0
50
100
150
200
time [dez. yr]
Observed Temperature [°C]
b
−6
−5
−4
−3
−2
−1
0
1
22.2 22.4 22.6 22.8 23 23.2
0
50
100
150
200
time   [dez. yr]
D
ep
th
   
[m
]
Modeled abiotically effected AOU [%]
c 18
20
22
24
26
22.2 22.4 22.6 22.8 23 23.2
0
50
100
150
200
time   [dez. yr]
Modeled Temperature [°C]
d
 ¶$¹ñ;ªèOè®|(®]~4º4®|C®ﬂOý®|
~~®èª«
gG¨?ýOª^|<;~­;|®b®Oª;~OºOè®|C®F~2ª«]@TíFêKëL
émêmë(ìHíRë(îC¶ïÇÞFß.Þ¹4ﬂ~º4®|9(
T¶fg¹u?nB<2º4V®.~;ª«.4+~º4®|ﬁg
Æ¨.®4~+2;+®Â?~\B<?©;ªñ~4nB?~
7¶©¹!¶$7¹A®©«4ès
|9©?«IM²bµl|e?nB<2º4Y.®?«Z4ñ~º4®|g(
7Æ¨ÁZ®4~­|Ü¶$7¹Q;|®&ª;©«1.®?ý4)(
gÆ¨Z|;~¨|9©«4&.sD«
è;ÊBþ11þ;e·9|?7~FþNBþdüñþ;e;|~ Üºg».~¼E
ãÇÉFÊþýþ;Fþ9|
þN;|~ 74bþN~©;F
{}|dþN.®;$1þ
.sD?eèx;ñ«4©2þ?~­.<®bÉ.áF¼

   
	  	 
	 ﬁﬀ
ﬂ ﬃ  ! "#ﬀ $%	 & 	'ﬁ ( ")	*
$%+
, -	' ./	+0ﬁ	$ ﬃ $%

13254)6
798;:=<?>?@BA
25CEDGF
8;:IH=<
D
@KJ
2KL
H=<MON<P@5Q
2SRUTPV
>OHIW
T
@
RX2ZY
79W;[
T\
79W;[
]^25Y
MO>
V;F`_
a
Tcb
<>G<d
DOVBbKe
H=MGMO<&[
High rates of nitrogen fixation and DOC subduction in the
subtropical North Atlantic Ocean
Paul Kähler1, Andreas Oschlies1, Heiner Dietze1, Beatriz Mourino2, Marcel Sandow1, and
Ulrich Struck3
1Institut für Meereskunde, Düsternbrooker Weg 20, D-24105 Kiel, Germany
2 Universidade de Vigo, Departimento de Ecologia y Biologia Animal, 36200 Vigo, Spain
3
 GeoBio-CenterLMU, Richard-Wagner-Straße 10, D-80333, München, Germany
 
	
ﬀﬂﬁﬃ	 !"#$	ﬁ%"	&ﬁﬃ

(')+*(,-,.0/12ﬃﬁ3 54$67ﬁ8,.	ﬁ3
9
9
;:<ﬁ=9>	ﬁ,-ﬀﬃ9@?
;ACB/@D06

	E
37ﬁ,.F	 ﬀ@	73	ﬁ

3 G6
?
	5ﬁﬃﬀ0/Hﬁ	
I
	F	=JKﬃ)LM& >,-
ﬀ 8"N
ﬀ2ﬃ O	#F	ﬁﬃ@"	
P	
 !:Q !4F6
Rﬃ$	#"#9

ﬁﬃ
:<S"#4F62ﬁ>	ﬁ3"N	777ﬁ	>6ﬀ	3ﬁF=$	ﬁ& G	E
)TQ
,-		$	N7ﬁ,.ﬁU
7ﬁ9F67	ﬀ@,. G67ﬁ,.ﬃ$	 V?
WACXﬀT<JQDY6
	E
7ﬀ9
9%:1ﬁ	ﬃ >)T<Z[/1
ﬁ7ﬁ	ﬀ\ﬁﬃ	Gﬀ 
9
:<%	(];	V	7 53 G		
 !9
	N"	NﬀF	5(	73ﬁ>	29
;
>	#"N7ﬁ9F67	&
9
F6
	ﬁﬀF	V6
	^ﬃ	Gﬀ%%	2= >ﬃ)_Qﬀ > 5Rﬃ9\ﬁﬃ$ﬀ7,.		ﬁ7ﬀRﬀR,.F	N V,-
ﬀ9&:#	ﬂ
ﬀﬁ3 G7ﬁ3"N"9&ﬁ?7&9&F	ﬁﬃ\>629
	9&
9&ﬁU[
ﬁ>2ﬁﬃ	9%F	(?ﬀ,. > 
"ﬁﬃ,`_aJaTb
9%_aJQ/a)
c%U[	ﬁ>,d$	ﬁ%"	ﬀ\ﬁﬃ	 !6
ﬀ	9%"5ﬁﬃ,d O6
?7 G62ﬁ>"5ﬃ3ﬃ 5 8F	ﬁﬃ	3,-?

9
:e	&
6
? G2ﬃ9\:<	ﬁ=ﬁ G9

7	,. !ﬁ3ﬃ G9
ﬁﬃ?; O,.ﬁﬃP?6
	# G	f O6
?7 G	5F	ﬀSgh)+*
,-,.Y/b7ﬁ= >4F67ﬁ7,.>	ﬁ3
9&9i)j2	%7ﬁR9
 !
2ﬁﬃ,.	2"#"N	2
F	ﬁ& O6


ﬃ9@	(	73>6
7	3^ﬃ8%	2= O	679F;ﬁ)kf
 5P
9& O7ﬀ:._HJKT17ﬁ	
?
; G6
?29F67	
Pﬁﬃ O7
 O?
7"ﬁ7,.ﬁﬃ7	7@7"#"N	73ﬁﬃl !%6
	ﬀ^	
Pﬀ >8	2
?
6
E&"N	 V
	7ﬁ	ﬃ$ﬀ,.	3ﬁ>?2
UF	ﬁﬃ@?7ﬀﬃ)
The oligotrophic subtropical gyres of the oceans have been the focus of controversy regarding
the magnitude and even the direction of their biotic contribution to the air-sea flux of carbon
dioxide1-3. Measurements of primary production and respiration, local in space and on
timescales of hours, have yielded much lower biological carbon dioxide uptake (and even
implied net CO2 release) in the upper ocean, than estimates of export production from large-
scale and long-term integrals of respiration in subsurface water4,5.
In oceanic organic-matter budgeting, net production is commonly calculated from nitrate
consumption, or nitrate supply to surface water – a simplified adaption of the new production
concept6. To transform nitrogen units into carbon units, the Redfield ratio (moles
C:N=106:16)7 is widely used. Budgets of both elements composed in this way are not always
consistent, especially in the oligotrophic ocean. The term carbon overconsumption has been
coined for carbon uptake higher than the Redfield-ratio equivalent of consumed nitrate8,9.
Excess carbon fixation and export, e.g. as carbon-rich dissolved organic matter10,11, can cause
carbon overconsumption, so can the utilization of unaccounted-for nitrogen. Taking nitrate for
total new nitrogen excludes nitrogen sources such as dissolved organic nitrogen (DON), or N2
via nitrogen fixation. 
The mismatch between organic-matter production and nitrate supply is a general, and as yet
1
unexplained, problem in the subtropical North Atlantic Ocean12,13. It is epitomized in an area
known as the "beta triangle" (Fig 1) where it was first described. There, oxygen utilization
rates in subsurface water ascribed to the remineralization of organic matter exported from
surface water, imply that "surface fixation of carbon … is many times greater than deduced
from 14C assimilation techniques"4. Also nitrate supply into the surface falls short of the needs
of a corresponding production in this region. Oxygen utilization rates (OUR) imply a
production equivalent of 0.63 mol m-2a-1 nitrogen utilization4,5, but diffusive nitrate supply was
estimated at 0.05 mol m-2a-1 only14,15. This leaves an unexplained gap of almost 0.6 mol N m-
2a-1. We set out to investigate possible solutions to this enigma. On two cruises (Fig. 1),
organic matter, nutrient, and oxygen analyses as well as incubation experiments were
performed to study additional nitrogen sources for, or excess carbon from, production. 
Apparent oxygen utilization (AOU) along the 2002 Section is given in Fig 2a. Combining its
isopycnal gradients with gradients of water-mass age in the same area5 yields an OUR of
5.9±0.9 mol O2m-2a-1 (Tab. 1). This is under the assumption that the respective data sets reflect
similar physical states of the ocean, which appears reasonable in view of the similar outcome
(OUR was 5.7 in 5). Several modes of nitrogen input were considered to explain the estimated
OUR. First, diffusive nitrate supply to the surface may be underestimated by state-of-the-art
methods. Eddies thought to effectively inject nitrate into the surface16 contribute but 0.05 mol
m-2a-1(17). Accounting for double diffusion, vertical diffusive nitrate input was adjusted upward
by a factor of two to 0.1 mol m-2a-1(18) compared to previous estimates14. Vertical and
horizontal advection and horizontal diffusive fluxes result in a maximal additional net nitrate
input of 0.07 mol m-2a-1(18). Adding up all physical nitrate transports to the surface leaves a
nitrogen gap of >0.4±0.15 mol m-2a-1.
N2 uptake experiments using the tracer 15N2 yield ongoing rates of nitrogen fixation, which
was measurable in all experiments; in some cases rates were extremely high (Fig. 3a-c). Rates
as high as measured at three (of three, Fig. 3a) stations in April 2001 and at one (of four, Fig
3b and c) stations in March 2002 are unprecedented in the open ocean. Concomittant
measurements of primary production by the 14C technique yielded low rates in all cases (Fig.
2a-c). Where nitrogen fixation was high the ratio of C and N incorporation was therefore
unusually low (Tab. 2). 
The natural abundance of 15N in particulate organic matter can be used to estimate the
proportions of N2 and NO3 as nitrogen sources, since both have distinctly different 15N
contents. Taking the δ15N as -2 for the nitrogen from nitrogen fixation and of 4.5 for that from
nitrate uptake19 an average 50% share of fixation-derived nitrogen in organic particles is
obtained (Fig. 3d), it diminishes with depth where nitrate utilization gains importance. The
small-sized fraction isolated using a 5µm pre-filter contained systematically higher shares of
fixation-derived N than the bulk (Fig 3e). While until recently nitrogen fixation in the open
ocean has been ascribed exclusively to large species of the genus Trichodesmium20, there is
nitrogen-fixing potential also in oceanic pico-cyanobacteria21. The pronounced 15N depletion
of small particles suggests them to be important in the study area. Visible Trichodesmium
colonies were only occasionally encountered during our cruises and were absent at the stations
of high nitrogen fixation.
Particulate organic matter in surface water had a N:P ratio far greater than the Redfield N:P
ratio of 16 (Fig. 3f), indicative of the presence of N2 fixing organisms, which have been
2
reported to be high in N:P22. Also this proxy of nitrogen fixation decreases with depth. Excess
subsurface nitrate from the export and breakdown of organic matter high in N:P can be used
to quantify the effect of nitrogen fixation23. We define excess nitrate as 
NO3(excess) = NO3+NO2-16*PO4 (1)
(i.e. include NO2, but neglect ammonium which was unimportant). It is implicitly assumed
that interannual variation in preformed inorganic N:P ratios is negligible and, in the well-
oxygenated water in question there is no denitrification which would decrement (1). A plot of
fixation-derived nitrogen calculated in this way is given in Fig 2b. A region of NO3(excess) is
observed in the oligotrophic centre of the studied transect between 150 and 400m. The rate of
excess-nitrate buildup (analogous to the OUR estimate) representing the long-term rate of
nitrogen fixation, is 0.19±0.06 mol N m-2 a-1, or 0.52 mmol m-2d-1 (Tab. 1). In a similar
approach using basin-wide excess nitrate combined with CFC water age the eastern part of the
subtropical gyre (i.e. our study area) turned out a prominent source of fixed nitrogen for the
North Atlantic24.
Total organic nitrogen (TON) contributed to excess nitrate. Surface TON concentration
dropped from 7.7 to 6.4 mmolm-3 between 31.5° and 22.9°N. With a mean surface current of
4.8 cms-1 heading south, this would correspond to a TON consumption along the transect of
0.08 molm-2a-1 in the Ekman layer (ca. 40m) if the TON gradient were permanent. This,
however, is unlikely. TON during summer was as low as 6.5 mmolm-3  at 33°;N°22W11.
Surface TOP (total organic phosphorus) was constant over the same distance at 0.15, to rise to
0.33 mmolm-3 only further south. Dissolved organic matter thus contributed an excess of N
over P. Whether the excess TON is itself derived from nitrogen fixation, and for how long its
gradient exists, is not known. Its effect is included in the excess nitrate analysis.
Apart from extra nitrogen supply, also excess carbon export by subduction of TOC (total
organic carbon) 25 contributes to close the apparent C-N imbalance. Fig. 2c gives TOC
concentrations. Analyzing the isopycnal loss of TOC in the same way as the OUR and NO3
(excess) gain, yields a rate of TOC breakdown of 2.9 mol m-2a-1 (Tab. 1). It dominates in the
density range of σ0=26.2 and 26.35, i.e. down to 200m only, and is insignificant below (Fig. 2c
and Tab. 1). The TOC thus exported is associated with organic nitrogen (TON). The C:N ratio
of this export is the quotient of the TOC and TON concentration differences between source
and sink locations, which was 15 between 31.5 and 22.9°N. It is with this C:N ratio that total
organic matter export and decomposition contributes to the buildup of remineralizatuion
products, a reflection of the participitation of N-poor dissolved organic matter10,11. This C:N
ratio corresponds to a C:O2 ratio of -1.1rather than the Redfield ratio of -1.3. Total organic
matter export by subduction explains slightly more than half the oxygen consumption along
the 2002 (-3.2 molm-2 O2.)
Summarizing (all numbers in this paragraph are mol m-2a-1 of the respective element): A
variety of processes contribute to the solution of the apparent C-N imbalance in the
subtropical North Atlantic. Two processes dominate: The subduction and breakdown of C rich
dissolved organic matter accounts for more than half the subsurface oxygen consumption
(-3.2 of -5.9 O2). Nitrogen fixation (including surface DON loss of 0.08 N), estimated from
excess nitrate, supplies about half the new nitrogen (0.19 N). The other half (<0.22 N) is from
nitrate inputs by eddy (0.05 N) and double-diffusion enhanced (0.1 N) nitrate supply to the
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euphotic zone and net nitrate advection (<0.07 N). Nitrogen fixation determined
experimentally during two springtime cruises are in the range of the long-term estimate and
far above. Adding up all considered contributions, after converting total nitrogen inputs
(<0.41N) and oxygen consumption not attributible to TOC breakdown (-2.7 O2) into carbon
using the Redfield ratio, the balance is <0.6 C. The gap which we set out to explain is
"overexplained" by ca. 15%. Given the errors associated with each estimate this is tolerable.
The surplus is likely to be due to export to depths greater than 405m. 
The high proportion of nitrogen fixation vs. primary production at the 2001 Stations can be
explained by characteristics of the methods employed, which measure incorporation into the
particulate phase. If, however, the bulk of fixed C and N were exudated, a large DOC pool
would dilute 14C more than a small DON pool would dilute 15N. Uptake from the dissolved
organic pool would consequently shift the 14C:15N ratio to low values. With bacteria as DOM
utilizers, this would affect especially the small size fractions, in agreement with observations.
High DON exudation rates of N2 fixing cyanobacteria26, and DON consumption, but high
DOC surface accumulation in the study area (Fig. 2c) support this explanation. The magnitude
of nitrogen fixation in the oligotrophic ocean thus appears to be intimately linked with the
dynamics of dissolved organic matter. Both dominate C and N cycling at our study site. What
controls either remains among the major open questions of contemporary ocean
biogeochemistry. Any attempt to understand or even predict the biota's contribution to the air
sea exchange of CO2 in the subtropical ocean will be futile without this knowledge. 
mn	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 Nutrients were measured by standard protocols27 using an autoanalyzer, particulate
C and N by C/N analyser (Heraeus), particulate P and total dissolved P photometrically after
persulfate digestion27, TOC and TON by high-temperature oxidation28, oxygen by Winkler
titration27 with optical endpoint determination (WOCE standard; SIS instruments). 15N2
incubations and calculations related to 15N natural abundance were according to 29. The
suspicion that the Nitrogen fixation rates are artifacts due to 15NH4+ uptake from ammonia-
contaminated 15N2 gas used in the experiments (Abell pers.comm.) could be dismissed (but
gross NH3 contamination was found in a 15N2-bottle not used). δ15N measurements were
performed using an automated continuous-flow analyzer system (Thermo Finnigan Delta plus
connected to a Thermo CN 2500 CHN-Analyzer). Primary production was determined by the
14C method2.
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FIGURE CAPTIONS
Fig. 1: Cruise tracks and station map. The triangle is the ß-triangle of4,5. 
Fig 2: Latitudinal sections of properties along 30°W. a: Apparent oxygen utilization (AOU,
mmol O2 m-3), b: Excess nitrate (NO3(excess), mmol N m-3), c: total organic carbon (TOC, mmol
C m-3).
Fig 3: a -c: measured rates of N2 and CO2 incorporation into particles (nitrogen fixation and
primary production) in April 2001 (a) and March 2002 (b,c; note different scales for nitrogen
fixation!), d,e: estimated shares of fixation-derived particulate organic nitrogen (PON) for (d)
all samples of 2001 Transect, and (e) all samples from incubation stations in 2002, PON (.)
and in size fraction <5µm (large symbols); f: N:P ratios in particulate organic matter, includes
all samples of 2002 Transect.
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